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EFFECTS OF BENZENEHEXACHLORIDE ON SOIL 
MICROORGANISMS 


I. EXPERIMENTS WITH AUTOTROPHIC BACTERIA! 


By P. H. H. Gray? 


Abstract 


Benzenehexachloride (BHC) and its gamma isomer were toxic against bacteria 
that oxidize ammonia to nitrite, and those that oxidize nitrite to nitrate, in 
solution media inoculated with soils. They were not toxic against nitrifying 
bacteria in soils nor against those of a vegetable compost in solution cultures. 
They were also toxic against bacteria that oxidize thiosulphate in solution 
cultures of mineral soils. Additional organic matter reduced toxicity of the 
gamma isomer. The toxic component was in the benzenehexachloride and not 
in the “‘filler’’ materials. The gamma isomer was less effective than some other 
component or combination of components of the BHC. Neither the BHC nor 
the gamma isomer stimulated nitrification. 


Introduction 


Smart (4) reported in 1947 that treatment of soil with benzenehexachloride 
stimulated the development of certain agricultural crop plants, and suggested 
that the release of chlorine from the chemical might have had an effect similar 
to that of some compounds that cause ‘partial sterilization’. Pochon and 
Lajudie (2, 3) later reported that nitrite formation was stimulated slightly 
in soil receiving doses of 1: 12,500 and 1: 25,000 (0.08% and 0.04%) 
benzenehexachloride. The latter workers also examined the effects of the 
chemical on various heterotrophic bacteria, actinomycetes, and Azotobacter, 
and reported that only the last named was slightly stimulated. M.S. Smith 
(5) and Wilson and Choudhri (7) found that the compound did not increase or 
reduce the numbers of microorganisms in soil. Wilson and Choudhri also 
studied the effects of the compound and the five separate isomers on various 
bacterial activities in culture, but not upon the nitrifying bacteria either in 

1 Manuscript received in original form October 20, 1952, and, as revised, September 16, 1953. 
Contribution from the Faculty of Agriculture, Macdonald College, Que., Canada. 


Macdonald College Journal Series No. 307. 
2 Professor and Chairman of Department of Bacteriology, Macdonald College, Que., Canada. 


{The November number of this Journal (Can. J. Botany, 31 : 699-833. 1953). was 
issued November 20, 1953.] 
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culture or in soil. Smith and Wenzel (6) added benzenehexachloride to soil — 
at the rate of 100 Ib. and 500 Ib. per acre and found that the heavier dose, 
which is fivefold a normal dose of the compound as an insecticide, caused a 
great increase of ammonia ozidizing bacteria after two months; the normal 
dose had no effect. The bacteria were not increased when organic matter, 
cottonseed meal, was added to the soil before the treatment with benzene- 
hexachloride at 500 lb. per acre. The nitrite-oxidizing bacteria were appar- 
ently eliminated from the soil by both doses. These conclusions were based 
upon the presence or absence of the bacteria in solution cultures prepared from 
the soils at intervals. 

This paper reports the results of experiments made to test the effects of 
adding normal doses of benzenehexachloride to various soils, to ascertain 
whether the nitrification of soil nitrogen would be affected, and to ‘nitrification 
media’ inoculated with suspensions of soils in which nitrification was known 
to be active. The gamma isomer also was used in some tests; none of the other 
isomers could be obtained. Experiments were also made to ascertain whether 
oxidation of thiosulphate in solution cultures would be inhibited. 


Methods and Results 


Tesis with Benzenehexachloride in Soil 


Several experiments were made to test the effect of normal doses of the 
compound, in the form of the wettable powder ‘‘“Gammexane’’, in soil samples 
incubated under suitable conditions of moisture and temperature. Samples 
of soil were obtained from various parts of the farm and fields at Macdonald 


TABLE I 


NITRIFICATION OF SOIL NITROGEN IN SOILS WITH AND WITHOUT BENZENEHEXACHLORIDE 


Soil 
Chicot St. Bernard Greensboro 
BHC Weeks (test No. in parentheses) 
8(1)* 5(2) 8(1) 5(2) 5(1) 3(2) 


NO;—N, parts per million dry soil 


Nil 29 55 | 46 51 51 39 
0.01% 28 53 49 49 56 43 
0.02% 30 53 49 50 _ a 


* Tests (1) and (2) were made at different times and are not parts of the same experiment. 
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College, Que.; samples of arable soil were taken from areas known in soil 
survey terminology as St. Bernard loam and Chicot fine sandy loam; other 
samples were taken from Greensboro loam in the Eastern Townships area of 
Quebec. The Gammexane was added first to a small portion of dry soil and 
thoroughly mixed; the mixture was then added to the required amount of air- 
dry soil. Water was added dropwise to moisten the soil to 60-70% of its 
water-holding capacity. The samples were incubated in flasks or bottles at 
room temperature. Nitrate nitrogen was estimated at different periods by 
means of Harper’s modification of the phenoldisulphonic acid method as 
described by Fred and Waksman (1). The results of tests made with three of 
the mineral soils are given in Table I. The BHC neither increased nor reduced 
the action of the nitrifying bacteria. It also did not, even at higher concen- 
trations, affect the oxidation of ammonium sulphate added to soil, as shown in 
Table II. 


TABLE II 
NITRIFICATION OF SOIL NITROGEN AND AMMONIUM SULPHATE IN SOILS WITH AND WITHOUT 
BENZENEHEXACHLORIDE 
Soil 
Chicot St. Bernard Greensboro 
Treatment Weeks 
8 2 (16 days) 


NO;—N, parts per million, dry soil 


Nil _ 18 40 
(NH,4)2SO, 0.01% 64 30 70* 
(NH,)2SO, + BHC 
0.01% 60 31 ~ 
0.02% 73 31 — 
0.01% _ 29 62 


* (NH,)2SO, , 0.02% was used in this culure. 


The addition of organic matter, powdered timothy hay, along with 
ammonium sulphate to the Greensboro soil, did not have any affect, the 
results being the same as for ammonium sulphate alone or in the presence of 
BHC, i.e., 70 p.p.m. 

Benzenehexachloride did not impair the production of nitrate nitrogen after 
the addition of urea 0.01% to St. Bernard loam and Greensboro loam, as 
shown by the figures in Table III. 
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TABLE III 
NITRIFICATION OF SOIL NITROGEN AND UREA NITROGEN IN SOILS WITH AND WITHOUT 
BENZENEHEXACHLORIDE 
Soil 
St. Bernard Greensboro 
Treatment Days 
9 38 14 35 


NO;—N, parts per million, dry soil 


Nil 13 36 37 51 
Urea 0.01% 37 64 60 68 
Urea + BHC 0.01% 36 69 44 74 
Urea + BHC 0.02% 30 68 — -— 
Urea + BHC 0.04% 27 73 — — 


It seems to be evident from these tests that benzenehexachloride, as Gam- 
mexane, which contains approximately 50% of hexachlorocyclohexane, does 
not stimulate or depress nitrification in soil. 


Tests with Benzenehexachloride in Solution Cultures 


Some preliminary tests made in 1947 and 1948 showed that the oxidation 
of ammonium sulphate by soil suspensions in a mineral salt medium was 
inhibited by Gammexane; these observations were confirmed in 1949. The 
medium used for testing the oxidation of ammonia was composed as follows; 
figures are grams per liter: K2HPO,, 1.0; MgSO,.7H,O, 0.5; NaCl, 2.0; 
FeSO, , 0.4; (NH4)2SO,, 1.0. Sterile MgCO;, to give 1.0%, was added to 
the medium before inoculation. 

The medium used to test for the oxidation of nitrous acid had the following 
composition; figures are grams per liter: KsHPO,, 0.5; MgSO, .7H,O, 0.3; 
NaCl, 0.5; NaeCO; , 0.2; NaNO,., 1.0. Sterile CaCO; , to give 1.0% was 
added to the medium before inoculation. 

Gammexane, or Benexane 50, was mixed with dry sand and the necessary 
amounts of the mixture added to 100 ml. of the media in 500 ml. Erlenmeyer 
flasks. In tests with the gamma isomer, this was dissolved in alcohol and the 
alcohol carrying the isomer allowed to evaporate from the flask before the 
medium was put in and sterilized. Equal masses of soil inoculum were used 
in any one set of media in a test; in some tests the soil was weighed as approxi- 
mately 0.7 to 0.9 gm.; in others, measured volumes of a suspension, containing 
0.1 gm. of the soil, were used. Flasks of control media, containing no BHC 
or ‘Gamma’, were inoculated and incubated along with each set of treated 
media; all cultures were in duplicate. 
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The oxidation of ammonia to nitrite was considered to be definite when a 
deep blue color was given by placing a loopful of well shaken culture into 
Trommsdorf’s reagent (see Ref. 1, p. 123); the oxidation of nitrite to nitrate 
was considered to be complete when the blue color given by Trommsdorf’s 
reagent was no longer present and a blue color developed in the diphenylamine 
reagent. 


Table IV shows the effects of benzenehexachloride, as Gammexane, 0.01%, 
on the two stages of oxidation in the ammonium sulphate medium. 


TABLE IV 


EFFECTS OF GAMMEXANE, 0.01%, ON THE NITRIFICATION OF AMMONIUM SULPHATE 


No. of days for oxidation 
Soil Ammonia to nitrite Ammonia to nitrate 
Control BHC Control BHC 
Chicot 15 24 70 126 
St. Bernard 1 19 31 68 70 
St. Bernard 2 12 19 59 75 


It appears that the chemical reduced the rate of oxidation of ammonia to 
nitrite in all three cultures; it also reduced the subsequent oxidation to nitrate 
except in one of the St. Bernard soil cultures. Inasecond test the Gammexane 
was increased to 0.04%, and the three soils (Chicot, St. Bernard, and Greens- 
boro) were inoculated into both ammonium sulphate and sodium nitrite media. 
All of the control cultures oxidized the ammonia to nitrite in less than 20 days, 
but in the presence of the BHC the oxidation of the ammonia had not proceeded 


TABLE V 
EFFECTS OF THE GAMMA ISOMER OF BENZENEHEXACHLORIDE ON NITRIFICATION IN SOLUTION 
CULTURES 
No. of days for oxidation 
Soil Ammonia to nitrite Nitrite to nitrate 
Control Gamma Control Gamma 
St. Bernard 1 8 24 24 36* 
St. Bernard 2 8 14 24 36 
Muck 8 10 20 24 


* The test was not continued beyond the 36th day. 
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far after 60 or more days; all of the control cultures in the sodium nitrite 
media oxidized the nitrite to nitrate within 25 days, but in the presence of 
BHC nitrite was still present after 60 days or more. 

A similar test was made with the gamma isomer, and three soil samples in 
the two media. The figures in Table V show that a 0.003% concentration 
of the isomer caused some reduction in the rate of oxidation of both the 
ammonia and the nitrite. 

It will be noted that the nitrifying bacteria of the organic soil were the 
least affected. In another experiment, however, in which 1 gm. of the organic 
soil alone was used as inoculum, in the two media containing both the BHC 
(Benexane 50, 0.05%) and the gamma isomer (0.003%), there was no oxida- 
tion up to the end of four months; control cultures oxidized the ammonia 
strongly in 26 days and oxidized nitrite to nitrate in 16 days. The effect of 
the chemicals in this experiment, as compared with the previous one (Table V) 
and the next to be reported on (Table VI), may have been due to seasonal lack 
of a more resistant microflora. A similar disagreement between cultures 
inoculated with soils sampled at different times was observed in other tests. 

In the tests in which the benzenehexachloride was added to mineral soils the 
strong musty odor of the BHC persisted for several months, but the odor was 
adsorbed by the organic (muck) soil. It is possible that adsorption of a toxic 
fraction of the combined isomers and associated compounds by soil organic 
matter renders the compound innocuous to the soil bacteria in the soil and that 
dilution and dispersion of the adsorptive components of the soil in culture 
media enables the toxic fraction to act on certain enzyme systems of different 
bacteria. 

An experiment was made to test the effect of different kinds of organic 
matter added to the ammonium sulphate medium, on the assumption that 
some kind of such material might adsorb the toxic fractions of the BHC, or 
the gamma isomer, and permit oxidation to proceed. The treated medium 
contained either BHC (Benexane 50) 0.05% or the gamma isomer 0.003%. 
One set of the medium contained no additional organic matter, one set received 
agar, one gelatine, and one soluble starch, all as0.01%. The organic materials 
were chosen to represent, respectively, a polysaccharide that does not serve 
as a source of carbon for many bacteria and that might remain as an adsorptive 
complex; a protein which would serve as a source of cell-building material for 
many heterotrophic bacteria, thus adding a microbial-protein complex; and a 
polysaccharide to serve as a source of carbon, and possibly of dextrin or gum 
production, by other groups of bacteria. 

Two soils, the St. Bernard loam and the muck soil, were used as inoculant, 
each 100 ml. of medium receiving 0.1 gm. of soil from a suspension. In 
addition, 0.1 gm. of a well-rotted vegetable compost was inoculated into one 
set of medium containing no organic material. 

The results are shown in Table VI. It appears that these organic materials 
stimulated oxidation by both the Nitrosomonas group and the Nitrobacter 
group of the loam soil in the media to which BHC had not been added, the 
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TABLE VI 


EFFECTS OF ORGANIC MATERIALS ON THE OXIDATION OF AMMONIUM SULPHATE IN THE PRESENCE 
or BHC 0.05%, ork OF THE GAMMA ISOMER 0.003% 


No. of days for oxidation to nitrate (Figures 
in parentheses denote days for partial oxida- 
tion to nitrite only; nitrates were not 
Soil produced in those cultures) 
Material added: 
Nil Agar Gelatine Starch 
St. Bernard Control 96 69° 80 80 
BHC x x x x 
Gamma x (69) (69) (103) 
Muck Control 38 56 63 63 
BHC x x x x 
Gamma (27) (18) (18) x 
Compost Control 28 
BHC 35 
Gamma 38 


x = no oxidation. The experiment was not continued beyond 103 days. 


agar being the most effective. The three organic materials diminished the 
rate of oxidation by the bacteria in the muck soil. Oxidation by the muck 
soil was considerably more rapid than by the loam. 

Both the BHC and the isomer either prevented or diminished oxidation. 
The isomer was toxic to the Nitrosomonas group of the mineral soil culture, 
but permitted partial oxidation in the muck soil culture, to which no organic 
matter had been added. 

The organic materials reduced the toxicity of the isomer against the Nitro- 
somonas group of the mineral soil; only the agar and the gelatine were so 
effective in the muck soil cultures. It would seem that the Nitrosomonas 
group was the more able to develop in the presence of the isomer while the 
Nitrobacter group was inhibited, a result similar in form to that reported by 
Smith and Wenzel (6). 

With regard to the cultures inoculated with suspensions from the compost, 
neither the BHC nor the isomer prevented complete oxidation, though the 
process was somewhat slower than in the control medium. It is possible that 
the nitrifying bactria in the two soils and the compost were physiologically 
different. . 

The question as to what material other than the gamma isomer in the 
Gammexane or Benexane 50 might also have been a cause of reduced activity 
was tested by placing the requisite proportional amounts of each component 
of the BHC in fluid medium and observing the rates of nitrification of ammo- 
nium phosphate. A preliminary experiment had shown that the bacteria 
acted similarly in culture media with nitrogen supplied either as ammonium 
chloride, ammonium phosphate, or ammonium sulphate. 
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The Benexane 50 contained the following materials :* 


Per cent 
Benzenehexachloride (13% gamma) 46.15 ’ 
Wetting agent 0.75 
Sticking and dispersing agent 3.00 
Extending agent (‘‘filler’’) 50.10 


The separate materials were dissolved or suspended in ethyl alcohol, in such 
amounts that 1 ml. of the alcohol contained the same proportion of material 
as was used in the suspensol of Benexane in the previous experiments. The 
alcohol was allowed to evaporate from the flasks, which then received the 
medium. The media Were inoculated with 1 ml. of a 1: 10 suspension of 
St. Bernard loam soil. The treatments and the results are shown in Table VII. 


TABLE VII 


EFFECTS OF CRUDE BHC AND ITS COMPONENT MATERIALS ON NITRIFICATION OF AMMONIA IN 
DUPLICATE SOLUTION CULTURES 


No. of days for oxidation 
Treatment Ammonia Ammonia 
to nitrite to nitrate 
1. Nil 16, 16 72, 78 
2. BHC (technical) No oxidation — 
3. Benexane 50 No oxidation — 
4. Gammexane No oxidation 
5. Wetting agent 16, 16 72, 78 
6. Sticking and dispersing agent 16, 16 72, 78 
7. Extending agent 16, 16 78, 87 
$. 3 6 16, 16 87, 87 
9.5+7 87, 87 
10.6+7 16, 16 78, 87 
11.5+6+7 16, 16 87, 87 
12. Gamma 29, 36 70, 70 


It is clear from the results shown in Table VII that some components of 
the benzenehexachloride itself, and not the ‘‘filler’’ and other materials, 
effectively prevented the oxidation of ammonium, as phosphate, in these 
solution cultures. 


Oxidation of Thiosulphate 


An experiment was done to test the effects of BHC (as Benexane 50) 
0.05%, and the gamma isomer 0.003%, on the oxidation of thiosulphate in a 
solution medium inoculated with soil suspensions. The chemicals were added 
in alcoholic solution as described previously. The medium used was 
Beijerinck’s and was prepared as described by Fred and Waksman (1, Medium 
65) and dispensed in 25 ml. quantities in 125 ml. Erlenmeyer flasks. Cultures 

* The author is indebted to Mr. F. L. Upton, formerly of Canadian Industries Limited, for 
this information and for samples of the materials for these experiments. A typical analysis of the 


technical BHC is given as about 93-94% of the isomers, the remaining 6-7% being made up of 
dichloro-, trichloro-, tetrachloro-, pentachloro-, hexachloro-benzene, and heptachloro-cyclohexane. 
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were made with suspensions from St. Bernard loam, muck soil, a garden soil, 
and a vegetable compost, and were tested at intervals for the presence of S,O3 
by means of iodine solution. The results are given in Table VIII. 


TABLE VIII 


ErFrects oF BHC AND THE GAMMA ISOMER ON THE OXIDATION OF THIOSULPHATE IN SOLUTION 
CULTURES 


Control BHC Gamma 


Soil Culture 1 2 1 2 1 2 


St. Bernard 1 14 14 —* —* 51 51 
St. Bernard 2 39 28 —- — 51 51 
Muck 14 14 — -— 14 14 
Garden 33 28 = — 33 39 

17 17 


Compost 14 14 


* Indicates that S2.O3 was present on the 51st day. 


The results show that some component of the BHC prevented oxidation for 
as long as 51 days, if not longer, by the bacteria in all of the soils and the com- 
post; the gamma isomer reduced the rate of oxidation in the St. Bernard loam 
soil cultures. 
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EFFECTS OF BENZENEHEXACHLORIDE ON 
SOIL MICROORGANISMS 


II. EXPERIMENTS WITH UREA-HYDROLYZING BACTERIA! 
By P. H. H. Gray? 


Abstract 


Benzenehexachloride (BHC), as “Gammexane” or ‘“‘Benexane 50” reduced 
the hydrolysis of urea by to and pure cultures of soil bacteria in solution 
cultures. It suppressed the development of urea hydrolyzing bacteria in 
gelatine plate cultures. The reduction or suppression was apparently due to 
the benzenehexachloride (and not to the “‘filler’’ materials in the wettable 
powder), by interference with the action of the urease, as well as by preventing 
growth of the bacteria; the gamma isomer had no effect. BHC did not suppress 
nitrate production from urea in soil. 


Introduction 


Wilson and Choudhri (2) have shown that the addition of benzenehexa- 
chloride to soil did not affect the production of ammonia from urea by the 
natural flora of a soil. The growth of ‘‘urea-decomposing bacteria’ was 
suppressed on the surface of agar slopes by the ‘delta’ isomer of benzene- 
hexachloride, which had been placed on the agar; inhibition of the action of 
the enzyme was not demonstrated. 


The experiments reported in this paper were designed to test the effects of 
various concentrations of benzenehexachloride (BHC), as Benexane 50, and 
the gamma isomer, on the urea-hydrolyzing bacteria of various soils, in both 
liquid and gelatine cultures. The addition of various amounts of BHC to 
soil containing urea was also tested. 


Experimental 
Fluid Cultures 


The effects of BHC on the hydrolysis of urea by soil bacteria was tested in 
urea solution cultures and by means of urea gelatine plates. For the solution 
cultures urea was added in 5% concentration to soil extract, or to tap water 
with dipotassium hydrogen phosphate 0.05%; 50 ml. quantities of the medium 
were placed in Hansen yeast culture flasks; Benexane 50 was provided to give 
the required concentrations of benzenehexachloride (BHC), i.e., for a 0.02% 
concentration of BHC twice that amount of the commercial wettable powder 
(46% hexachlorocyclohexane) was used. In a first experiment the Benexane 
50 was mixed into the soil to give the required concentrations in the medium. 


The media were inoculated with 5 gm. of St. Bernard loam soil; in tap water 
cultures the soil was the sole source of available carbon. The activity of the 


1 Manuscript received in original form October 20, 1952, and, as revised, September 16, 1953. 
Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., 
Canada. Macdonald College Journal Sertes No. 310. 


2 Professor and Chairman of Department of Agricultural Bacteriology, McGill University, 
Montreal, Que., Canada. 
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bacteria was ascertained by titrating 1 ml. quantities with N/14 sulphuric 
acid at the intervals shown in the tables, with methyl red as the indicator. 
The figures for NH;-N in the tables are the means of duplicate cultures. 
Table I gives the results of the test with soil extract. The bacteria were 
depressed by the BHC 0.02%. 


TABLE I 
EFFects OF BHC ON UREA HYDROLYSIS IN SOIL EXTRACT 


Hr. 


47 96 144 


NH;-N mgm./ml. 


Urea only 0 0 0 
Urea, BHC 0.01% 0 0 0 
Control soil 12.2 25.7 26.8 
Soil + BHC 0.005% 15.0 23.2 25.6 
Soil + BHC 0.01% 10.1 21.5 24.5 
Soil + BHC 0.02% 0.5 10.8 17.9 


In the second test (see Table II) the Benexane 50 was added in weighed 
amounts to tap water medium in each flask. 


TABLE II 
EFFEcts OF BHC ON HYDROLYSIS OF UREA IN TAP WATER 


Hr. 


96 124 196 


NH;-N mgm./ml. 


Medium only 0 0 0 

Control soil 10.8 15.8 23.7 
Soil + BHC 0.005% 12.6 17.4 27.3 
Soil + BHC 0.01% 4 14.2 21.5 
Soil + BHC 0.02% 4.9 7.4 14.4 


The results with cultures in tap water were similar to those in soil extract; 
both the 0.01% and 0.02% doses of BHC reduced the rate of hydrolysis. 
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In order to determine if higher doses of BHC would still further reduce the 
activity of these bacteria in culture, the experiment was continued with Ben- 
exane 50 at 0.04%, 0.08%, and 0.10%, added to the soil. Tests were made 
also with the gamma isomer, as lindane, in concentrations of 0.001%, 0.002%, 
0.004%, 0.008%, and 0.012%. The results are shown in Table III. 


TABLE III 


Errects or BHC, 0.02% to 0.05%, ON UREA HYDROLYSIS IN TAP WATER 


‘Bir. 


96 144 192 


NH;-N mgm./ml. 


Control soil §.3 14.3 19.8 
Soil + BHC 0.02% 3.8 10.4 14.5 
Soil + BHC 0.04% 2.5 4.6 4.8 
Soil + BHC 0.05% 2.0 ce | 3.8 


The results show that the higher doses of BHC greatly reduced the activity 
of the bacteria. The gamma isomer had no effect. 


Effect on Urease 


The tests reported above suggested that the bacterial production of urease 
was affected by the higher doses of BHC. The action of BHC on urease 
activity was tested by means of a solution of urease, obtained by shaking 
jack-bean meal in water for one minute, and filtering to obtain a clear solution. 
A 2% solution of urea in distilled water, with or without BHC 0.02%, was 
treated with 8, or 10, drops of the urease solution, incubated at 37° C. for 
24 or 48 hr. and tested for the presence of ammonia. The results were as 
shown in Table IV. 


TABLE IV 


EFrrects oF BHC 0.02% on uREASE 


Control With BHC 
Solution Reduction, % 
NH;-N mgm./ml. 
Urea solution alone 0.000 
Urea + urease sol., 8 drops 1.088 _ _ 
Urea + urease sol., 8 drops — 0.544 50 
Urea + urease sol., 10 drops 1.513 — — 
Urea + urease sol., 10 drops —_ 0.680 53 


The reduction of urease activity by the BHC is shown by the figures in the 
last column. 
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A further test was made, with the addition of toluene to the urea solution, 
to prevent the action of bacteria that might be in the jack-bean meal. The 
results from three solutions, to which 1 ml. of urease solution had been added, 
were as shown in Table V. 


TABLE V 


Errect oF BHC 0.02% ON UREASE IN THE PRESENCE OF TOLUENE 


Control With BHC 
NH;-N mgm./ml. 


1. 0.408 
1.156 0.374 
1.156 0.408 


These results confirm those of the previous test, the reduction in this test 
being about 65%. 

When the gamma isomer was added to the urea solution the urease was not 
affected. It appears, therefore, that another isomer, or material associated 
with the hexachlorocyclohexane, is toxic in this reaction. 


Gelatine Plate Cultures 


The effect of BHC on urea decomposing bacteria in plates prepared from 
aqueous suspensions of soils was tested by placing 5 mgm. of Gammexane or 
Benexane 50 in sterile Petri plates, into which beef-extract urea gelatine was 
then poured. The medium, when set, was inoculated by placing one drop of 
1 : 1000 or 1 : 10,000 suspensions of soils onto the surface of the gelatine and 
spreading the inoculum with a sterile glass rod. Duplicate plates at each 
dilution were prepared with suspensions from five soils; these were St. 
Bernard loam (two areas), Chicot sandy loam, a Greensboro loam, and a 
muck soil. The following is a summary of these experiments: 

Control plates: 16 were liquefied; the other four contained 20, 4, 6, and 
8 discrete colonies each. 

BHC plates: two contained 2 colonies each; 18 contained no colonies. 

Urea-hydrolyzing bacteria developed in the control plates. 

Bacteria isolated from the plates receiving BHC were not able to hydrolyze 
urea. Several tests also proved that urea hydrolyzing bacteria that developed 
in the solution cultures with BHC would not grow on urea gelatine in plates 
containing BHC. 

A further test was made by evaporating alcoholic solutions of BHC in 
various forms, viz., BHC (technical), Gammexane, and Benexane 50, and the 
gamma isomer, in such concentrations as to give 5 mgm. of the mixed isomers, 
or 0.5 mgm. of the gamma, in each of four sterile Petri plates. The melted 
gelatine was then poured in, allowed to set, and inoculated on the surface 
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with soil suspensions. A duplicate set of plate cultures was prepared by 
mixing the gelatine with 1 ml. suspensions of St. Bernard loam soil in the 
plates containing the chemicals. The results, which are given in Table VI, 
show that the BHC, but not the gamma isomer, inhibited the growth of 
the bacteria. 


TABLE VI 


EFFrects OF BHC AND THE GAMMA ISOMER ON NUMBERS 
OF COLONIES IN UREA-GELATINE PLATES 


Surface inoculum Mixed inoculum 
Control 27, 27, 30, 30 30, 40, 55, 55 
BHC (tech.) 0 0 
Gammexane 0 0 
Benexane 0 0 
‘gamma’ 18, 23, 24, 27 24, 35, 45, 45 


It seemed possible that one or more of the “‘filler’’ and other materials in 
the Benexane might have reduced or suppressed these bacteria. They were 
tested by the method used to test their action on nitrification (1), except that 
they were placed, in alcoholic solution or suspension, in duplicate Petri plates. 
Beef-extract urea gelatine was used as the medium. The results showed that 
the BHC (technical), the Gammexane, and the Benexane prevented growth; 
liquefaction of the gelatine by active bacteria developed in all of the other 
plates. A repetition of this test gave the same results. The suppressive 
component of the chemical is probably in the hexachlorocyclohexane, as a 
combination of isomers, or the delta isomer (as reported by Wilson and 
Choudhri (2) ), or among the associated chlorobenzenes, which make up 
6-7% of the technical benzenehexachloride.* 


Soil Cultures 

It has been shown that nitrification of soil nitrogen and urea nitrogen was 
not affected by the presence of BHC. The results given in Table III of the 
previous paper (1) show that a partial inhibition of nitrate formation occurred 
in the first two weeks of incubation, and that the inhibition was overcome by 
the fifth week. If the early inhibition was due to the action of the BHC on 
the urea-hydrolyzing bacteria or on the enzyme urease, as well as on the 
nitrifying bacteria, the elimination of that effect at the fifth week suggests 
that the toxic action of the benzenehexachloride, observed in fluid and gelatine 
cultures, is removed by some fraction of the soil. 


* The author is indebted to Mr. F. L. Upton, formerly of Canadian Industries Limited, for 
a@ statement about the analysis of this material; the details were given in a previous paper (1). 
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STUDIES ON THE RESPIRATION OF RESTING AND GERMI- 
NATING UREDOSPORES OF WHEAT STEM RUST! 


By Pinc Suu, KATHLEEN G. TANNER, AND G. A. LEDINGHAM 


Abstract 


Chemical analyses of wheat stem rust uredospores before and after germination 
indicated that the lipid fraction was the major endogenous’ substrate used up 
during the germination. Some nitrogenous material, presumably protein, was 
also utilized and increase in chitin was observed during the germination. A 
number of commercially available metabolic intermediary compounds did not 
affect the respiration of germinated spores. Heavy metal enzyme inhibitors, 
such as cyanide and azide, strongly retarded the respiration of spores and of 
germinated spores. This, together with the findings that the spore material 
contained hematin and reacted positively to the Nadi reagent, suggested that a 
cytochrome system was operative in the respiration process. Compounds such 
as malonate, maleate, fluoride, and fluoroacetate, known to be the inhibitors of 
succinic dehydrogenase and related enzymes, did not show significant inhibition 
of the respiration of rust spores. However, pyrophosphate, another specific 
succinic acid dehydrogenase inhibitor, retarded carbon dioxide production. 
Other inhibitors, such as iodoacetate, benzoate, and arsenate, inhibited 

~respiration appreciably. 


For a better understanding of the parasitic behavior of the rusts, it is 
desirable to know more about their nutritional requirements and physio- 
logical behavior. Stock (32) has shown that nutrient salts, carbohydrates, 
nitrogen compounds, carbohydrate—nitrogen combinations, host—plant 
autolysate, and expressed sap, did not help the development of the germ 
tubes. Rodenhiser and Hurd-Karrer (28) reported that the use of mineral 
nutrients with 6 to 8% of glucose increased the formation of fusion bodies 
from uredospore germ tubes on agar plates, and more recently, Sharp and 
Smith (29) observed that the addition of 10-15 p.p.m. of zinc ion at pH 6.2 
stimulated vesicle formation in Puccinia coronata. 

Because the development of the mycelium from germ tubes is closely 
associated with the host material, Dickinson (5, 6, 7, 8) believed that contact 
stimuli play a very important role. Mains (21) speculated that the rusts 
need some transitory unstable compounds which are produced by the host 
cells. However, Hotson and Cutter (14) reported that, by adaptation, they 
were able to isolate and culture Gymnosporangium juniperi-virginianae on 
artificial media. Their technique involved the intermediate use of tissue 
cultures of the host plant. 

To date, it is not known what the essential nutrients are that the rusts 
obtain from their host plants, or what metabolic pathways are operative in 
the organism. Because the spores do develop germ tubes readily, it is obvious 
that the substrate utilized during germination must be endogenous and that 


1 Manuscript received August 17, 1953. 
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the spores, after hydration, contain a complete enzyme system for the 
degradation of such substrate to carbon dioxide and water. Therefore, it 
seemed reasonable to assume that a better knowledge of the metabolic patterns 
of the spores and of their germ tubes might throw some light on the nutritional 
requirements of these fungi. The purpose of the present study is to find the 
specific endogenous substrate and, with the use of commercially available 
intermediary metabolic compounds and enzyme inhibitors, to obtain some 
indications of the metabolic pathways of the spores during germination. 


Experimental 


Sources of Rust Spores 


Some samples of uredospores of Puccinia graminis tritici (mixed races), 
were kindly supplied by the Science Service Rust Laboratory, Winnipeg, and 
others were collected from the Field Husbandry Cereal Breeding Plots at the 
University of Saskatchewan. The rust spores were divided into 5-gm. 
portions and stored under nitrogen atmosphere at 4° C. 


Preparation of Germinated Spores 

Spores were germinated on the surface of a dilute aqueous aureomycin 
solution (100 p.p.m.) in a tightly covered glass pan at 10° C. Germination was 
readily visible within five hours and the germinated spores were harvested 
after three to six days. A quantitative recovery could easily be made and 
the germ tubes were seldom damaged. The extent of bacterial or fungal 
contamination was insignificant. For respiration studies, three-day-old 
germinated spores were washed with distilled water, filtered, and press-dried 
ready for use. For chemical analyses, the samples were suspended in a small 
amount of water and ground in a planetary ball mill* at 0° C. Progress of 
breakage of the spores was followed by microscopic examination of small 
samples taken at intervals. Complete breakage of spores generally took 
place within two hours. The samples were then quantitatively recovered 
and freeze-dried. 


Methods Used for Respiration Studies 

Standard Warburg technique was employed in respiration studies. Thirty- 
five milligrams of spores or the equivalent amount of germinated spores was 
used in each Warburg flask. Concentrations of phosphate buffer (pH 6.5) 
and substrate in each flask were 0.03 M and 0.1 M respectively. All the 
studies were made at 30°C. Oxygen uptake and carbon dioxide produced 
are expressed as ul. per 35 mgm. of sample per hour at 30° C. and designated 
as Xo, and Xco, respectively. The ratio of Xo,and Xco, values are expressed 
as the respiratory quotient, R.Q. 


* Manufactured by Baird and Tatlock, London, England. 
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Methods for the Study of Chemical Changes 

Total nitrogen was determined by micro-Kjeldahl method (35). Ammonia 
nitrogen was determined by Conway microdiffusion method (13). The major 
amino acid components of the cell hydrolyzate were estimated by a paper 
chromatographic method (36). Chitin determinations were made according 
to the method described by Norman and Peterson (25). Protein nitrogen 
was calculated from the difference between total nitrogen and chitin nitrogen 
determinations. 

For the identification of the major carbohydrate components, samples 
were hydrolyzed according to the method of Monier-William described by 
Dorée for hydrolysis of cellulose (9). Paper chromatography and iono- 
phoresis were then performed (3, 16, 30). Mannan was isolated with alkaline 
copper reagent (34), and identified by paper chromatography and ionophoresis 
after acid hydrolysis. The mannose and glucose contents of cell hydrolyzate 
were estimated with Somogyi’s sugar reagent (31) and Dreywood’s reagent (24). 

The lipid was estimated by determining the dry weight of cold ether extract 
(0° C.) of the ground sample. Iodine number determination was made on 
the fatty acid fraction of the lipid with standard Wijs reagent on a 0.1 gm. 
sample. 


Results and Discussion 


Chemical Changes During the Germination 

In order to find the endogenous substrate, the changes in the chemical 
composition of the spores during germination were observed. The experi- 
mental results are summarized in Table I. It is interesting to note that the 
spore material contains a large amount of mannan and very little chitin. 
During germination, the total amount of chitin increased by 143%. It has 
been reported by Garzuly-Janke (10) that the cell walls of filamentous fungi 
contain chitinous material while those of yeastlike fungi contain mannan. 
Since the chitin was synthesized with the development of germ tubes, it 
seems probable that the cell wall of the germ tubes is made of chitinous 
material. 

Evidence from higher plants (15, 1) has shown that fat is transformed to 
carbohydrate in the germination of Ricinus seed and carbohydrate to protein 
in the germination of oats. The formation of ammonia during the germination 
of Lupinus albus has also been observed (2). During the germination of 
wheat rust spores, lipid was utilized most, protein was used up appreciably, 
and a part of its nitrogen was excreted into the medium as ammonia. No 
appreciable change in mannan or polyglucose was observed. Thus, the spores 
differ from the germination of seeds in the respect of material transformation 
(Table I). 

Some properties of the lipid fraction were further examined. The results 
are summarized in Table II. Judging from the increase of the nonsaponifiable 
fraction of the lipid of spores during germination, it is likely that the saponifi- 
able fraction was utilized to the greater extent. Both the saponification 
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TABLE I 


CHANGES IN MAJOR ORGANIC COMPONENTS DURING THE 
GERMINATION OF WHEAT RUST SPORES* 


Contents per 100 gm. of 
ungerminated spores 
Components Releee After Difference | % Change 
germination, | germination, 
gm. gm. 
{Mannan 3-3} 14.7) 
Carbohydrate} Bolyelucose 67 21.9 7.7522-4 + 0.6 + 2.3 
Chitin 1.4 3.4 + 2.0 + 143.0 
Protein 
(Total N) X 6.25 
n cells 5.9 — 13. 
Excreted 3.6 { — 2.5 
Lipid 19.7 7.8 — 11.9 — 60 


* Six days germination at 10° C. 


number and iodine number increased during the germination. This is reason- 
able since the oxidation of fatty acids involves dehydrogenation and chain 
breakage. 

Amino acid composition of the spore proteins before and after germination 
showed no significant change. 


TABLE II 


CHANGES IN THE LIPID FRACTION DURING GERMINATION 


oer Saponification Nonsaponifiable Iodine value of the 
Sources of lipid number fraction, % fatty acids 
Ungerminated spores 247 10.3 28 
Germinated spores 269 16.3 37.6 


Respiration of Spores and Germinated Spores 

On the same ungerminated spore weight basis, both the magnitude of the 
respiration and the respiratory quotient of the ungerminated spores and of 
the germinated spores were about the same. This probably indicates that 
the same endogenous substrate was utilized by spores before and after germina- 
tion. Under a nitrogen atmosphere, the spores do not produce carbon dioxide. 
The respiratory activities of both the spores and germinated spores were lost 
by rupturing the cells with sonic vibration (frequency 10 kc.) or by grinding 
in a planetary ball mill at 0°C. The addition of sucrose, glutathione, or 
cysteine during the process of cell rupture did not result in recovery of the 
respiratory activity. 
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A number of commercially available intermediary. metabolic substances 
known to have relation with glycolysis, fat metabolism, and citric acid cycle 
as listed below showed no effect on the respiration of germinated spores. 


Intermediary compounds related) Compounds related to fatty | Compounds related to 
to glycolysis acid metabolism | citric acid cycle 
| 
Fructose-6-phosphate Acetate | a-Keto glutarate 
Glucose-1-phosphate Acetyl phosphate Oxalacetate 
Glucose-6-phosphate Aceto acetate Pyruvate 
a-Glycerol phosphate — Succinate 


Hexose-di-phosphate 


3-Phosphoglyceraldehyde — 


3-Phosphoglycerate 


A number of enzyme inhibitors showed inhibition of the endogenous respira- 
tion. The experimental results are summarized in Table III. The control 
values of Xo, and Xco, varied considerably, and therefore the extents of 
oxygen uptake and carbon dioxide production are expressed as fractions of 
the corresponding control values in each run. To show the variation in 
control values, the arithmetic mean and the standard deviation of 10 control 
values are included in the table. It is noted that the standard deviation of 
the spore controls are much higher than that of germinated spores in spite of 
fewer handling procedures. 

The response of spores and germinated spores to the inhibitors followed 
similar patterns except in the case of arsenate and pyrophosphate. Arsenate 
was more effective on oxygen uptake rate, and pyrophosphate was more 
effective on carbon dioxide production by the spores, while both inhibitors 
affected the oxygen uptake and carbon dioxide producing rates of the 
germinated spores equally. 

The most effective inhibitors were cyanide, azide, and arsenite. Cyanide 
and azide seemed to have more effect on the oxygen uptake than on the carbon 
dioxide producing mechanisms; while, on the contrary, arsenite had more 
effect on the carbon dioxide production. 

The inhibition by cyanide and azide strongly suggests that the cytochrome 
system plays a part in the respiration. This was further supported by the 
fact that the spores contained hematin compounds and showed positive 
reaction toward the Nadi reagent (14). 

Both arsenite and maleate are known to inhibit by means of their reaction 
with sulphydryl groups of the enzymes (12, 23). In the respiration of rust 
spores, only arsenite exhibited strong inhibition. On the other hand, arsenite 
is known to inhibit the oxidation of a-ketonic acids (19), acetoacetic acid pro- 
duction from fatty acid (18, 27), as well as the dehydrogenation of malic (4) and 
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TABLE 
EFFECT OF ENZYME INHIBITORS ON THE RESPIRATION OF SPORES AND 
OF GERMINATED SPORES OF WHEAT RUST 
Molar Spores Germinated spores 
Inhibitors concen- Xo Kea, Xo, a 
(Xo,).* (Xco,) (Xo,),.* (Xco,) 
Arsenate 0.05 0.50 | 1.3 0.62 0.57 0.68 
0.01 0.44 0.72 1.0 0.82 0.89 0.81 
0.001 0.95 1.3 0.8 0.96 0.97 0.75 
Arsenite 0.05 0.30 0.1 0.20 0.22 0.06 0.20 
0.01 0.61 0.39 0.40 0.54 0.47 0.63 
0.001 0.97 0.93 0.54 0.82 0.74 0.65 
Azide 0.01 0.09 0.18 1.3 0.09 0.41 2.6 
0.001 0.23 0.35 1.0 0.44 0.66 0.88 
0.0002 0.40 0.43 0.58 0.95 1.28 0.79 
Benzoate 0.05 0.26 0.30 0.60 _ _ _ 
0.01 0.96 1.2 0.70 
Cyanide 0.01 0.08 0.24 1.8 0.12 0.29 £3 
0.001 0.06 0.07 0.70 0.25 0.38 1.0 
0.0001 0.18 0.32 1.0 0.66 0.96 0.95 
Fluoride 0.05 0.72 0.93 0.75 0.78 0.75 0.70 
0.001 1.2 2.3% 0.56 0.84 0.71 0.62 
Fluoroacetate 0.005 0.80 0.89 0.64 0.90 0.98 0.71 
0.0005 0.89 1.0 0.65 0.87 0.85 0.64 
0.00005 1.0 1.0 0.58 0.95 ae 0.77 
Todoacetate 0.05 0.41 0.40 1.0 0.32 0.35 0.81 
0.01 | 0.67 0.68 0.48 0.65 1.0 
Malonate 0.1 _ 0.96 0.56 
0.05 0.95 0.86 0.49 1.2 t.3 0.69 
0.01 1.2 1.3 0.56 1.2 0.80 0.46 
Maleate 0.05 i 1.4 0.78 0.92 0.76 0.61 
0.01 0.98 1.4 0.85 1.0 1.0 0.73 
0.001 1.0 1.4 0.81 0.98 0.92 0.70 
Pyrophosphate 0.1 0.86 0.58 0.50 35 31 65 
0.05 0.78 0.34 0.32 63 39 46 
Xo, Xco, R.Q. Xo, Xco, R.Q. 
Arithmetic mean of 10 control runs 0.57 0.37 0.65 0.51 0.35 0.70 
Standard deviation of 10 control runs 0.12 0.12 0.15 0.04 0.02 0.06 


* (Xo,.) and (Xco,), are the Xo, and X co, values of the corresponding controls in each run. 
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B-hydroxybutyric acids (11) ; while maleate inhibits succinic acid dehydrogenase 
and glyoxalase (22, 23). Pyrophosphate, a compound known to specifically 
inhibit the dehydrogenation of succinic acid (20), retards the carbon dioxide 
production. The other known inhibitors of succinic acid dehydrogenase and 
closely related enzymes (26), malonate and fluoroacetate, had little effect on 
the respiration of wheat rust spores. It is quite possible that these inhibitors 
are not effective on the succinic acid dehydrogenase of the rust spores under 
these experimental conditions. 


Iodoacetate,.a well known inhibitor of glycolysis which is also known to 
inhibit the dehydrogenation of malic acid (4), 8B-hydroxybutyric acid (11) and 
the breakdown of acetoacetate (27), inhibited equally the oxygen uptake and 
carbon dioxide producing rates of wheat rust spores. However, another 
glycolytic inhibitor, sodium fluoride, also known to inhibit succinic acid 
dehydrogenation (33) and fatty acid oxidation (17), did not show any signi- 
ficant inhibition of the spore respiration. Benzoate, an inhibitor of fat 
oxidation (17), effectively retarded spore respiration. 


It may be concluded from the results of the foregoing experiments that the 
glycolytic enzymes seem to be inactive during the germination of the spores. 
Both the chemical change and inhibitor studies indicate the spores are 
equipped with the fat metabolizing system; succinic dehydrogenase and 
cytochrome systems possibly are involved in such metabolic process. 
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DWARFING OF WHEAT AND BARLEY BY THE BARLEY STRIPE- 
MOSAIC (FALSE STRIPE) VIRUS! 


By W. A. F. HaGBorc? 


Abstract 


Intensive studies were made during the past three years on the effect of barley 
stripe-mosaic (false stripe) on wheat and barley. The identity of this disease with 
the disease described and named by I. L. Conners in 1925 and reported by 
H. H. McKinney to be of virus origin in 1951 was established. Under both 
greenhouse and field conditions, infection caused chlorosis and necrosis accom- 
panied by a marked loss of vigor. Large and statistically significant reductions 
in the height of crop, the yield, the kernel weight, and the grade of wheat resulted 
from the early inoculation of field plots, but not from late inoculation. The 
yield of wheat was reduced by 75% and of barley by 64%. The possibility that 
this disease has been a factor in the unthriftiness of certain fields of wheat is 
discussed. 


Introduction 


In July 1951, the successful transfer of the disease known as ‘‘false stripe’’ 
from barley growing in field plots at Winnipeg, Man., to seedlings of wheat, 
barley, and rye, consistent with a failure to find any microorganism regularly 
associated with the disease, provided confirmation for the claim made in 
January of the same year by McKinney (7) that false stripe of barley was a 
virus disease. Later, several important characteristics of the disease in 
barley and in wheat were determined. In addition, the identity of the disease 
with that first described as false stripe in 1924 in Manitoba by Conners, in 
Drayton (5), was established. 

McKinney stated in a private communication to the author, dated Nov. 20, 
1951, that he intended to refer to the false stripe virus by the common name 
“barley stripe-mosaic virus” and this name will be used below as a synonym 
of ‘‘false stripe virus’. 

It is the purpose of the present paper to collate observations and experi- 
ments with this virus and to extend the description of the symptoms it causes 
particularly as they occur on adult wheat plants. 


Historical Review 


Because the designation ‘false stripe’? has been used somewhat loosely by 
some authors, it seems desirable to establish the authority for the use of this 
designation as applied to the specific disease studied here. 

In a compilation of reports on the prevalence of plant diseases in Canada, 
Drayton (5) stated that Conners reported having collected a new disease, 
which he tentatively called ‘‘false stripe’, in 15 varieties of barley grown in 
1/40th acre plots in 1924 at the Brandon Experimental Farm in Manitoba. 


1 Manuscript received for publication July 10, 1953. 


Contribution No. 1290, from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 


2 Plant Pathologist, Laboratory of Plant Pathology, Winnipeg, Man. 
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Drayton quoted Conners’ report in detail. Because of the important relation 
it has to the present paper, his quotation is-repeated in part as follows: 

“The markings were not typical of the true stripe, caused by Helmintho- 
sporium gramineum Rab. The stripes were not limited by the veins, but 
tended to coalesce, forming elongated V’s. The upper part of the leaf was 
usually a normal green, until it began to die, having been cut off from water 
by the lower diseased portion. The base of the leaf was usually affected all 
the way across, and the diseased area ran up the leaf for one-third to one-half 
of its length, where the stripes tapered off into the elongated V’s mentioned 
before. Specimens collected late in the season showed heavy sporulation of 
Heterosporium, also the earlier collection, when placed in a moist chamber. 
Specimens were submitted to Mr. Fraser; he had observed the trouble but had 
found that inoculation with Heterosporium spores failed to infect. My 
observations would lead me to believe that the disease is systemic, and that 
possibly the Heterosporium is secondary.” 

‘Another striking difference from the true stripe is in the abundant produc- 
tion of heads in diseased plants, these appearing normal and sound in every 
way.” 

His description contains two points that are of special interest, (i) the 
occurrence of V-shaped stripes and (ii) the apparent systemic nature of the 
disease. In greenhouse studies by the author, both of these characteristics 
were present distinctly in a large proportion of several hundred seedlings of 
barley, following inoculation with the barley stripe-mosaic virus (Fig. 2). In 
the inoculated leaves, it was apparent that the brown stripes delimited the 
chlorotic diseased portions and the nonchlorotic, apparently healthy portions. 
When the entire leaf was chlorotic, either in a linear striped or mosaic pattern, 
the brown stripes were absent. 

Although Conners did not state that the V-shaped stripes were brown in 
color, it is obvious from his contrasting them with true stripe that he was 
referring to stripes of that color. In February, 1952, Mr. I. L. Conners 
examined numerous living barley plants infected with the disease following 
artificial inoculation in the greenhouse by the author. He stated that the 
symptoms of the disease were the same as those observed and described by him 
as false stripe. There can be no doubt therefore that the disease which is the 
subject of the present paper is entitled to the designation “‘false stripe.”’ 

After Conners’ description of the disease, it was reported to be of wide 
distribution in Canada. It was found in the four western provinces and in 
the eastern provinces Ontario, Prince Edward Island, and Nova Scotia (3). 
The disease is also known to occur in the Midwestern United States (9), and 
has been described briefly by Dickson (4). It may be noted here that in the 
first printing of Dickson’s book, Fig. 4 was reversed, resulting in the sub- 
stitution of the photograph of brown spot for false stripe. The mistake was 
corrected in the second printing. 

McKinney’s description of the symptoms of the disease, as it occurs on 
seedlings of cereals following inoculation, conforms closely with the author’s 
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observations on infected seedlings of cereals. It is therefore evident that not ; 
only does the disease as studied at Winnipeg conform with Conners’ original 

“false stripe’’ but also with the use of the designation ‘“‘false stripe’’ as used by 

McKinney (7). 

False stripe had been observed for many years at Winnipeg before the 
present work was undertaken. In unpublished records Peturson and Newton 
(8) found that there were marked differences in the severity of the disease on 
different varieties of barley. They also found that diseased plants yielded 
less than healthy plants of the same variety and that all isolation attempts 
on artificial media failed to reveal the presence of a pathogen. Christensen (2) 
in his paper on nonparasitic leaf spots does not seem to have included the false 
stripe disease in his study. 

McKinney (7) found that false stripe was transmissible by manual methods 
to several members of the Gramineae and would cause a systemic infection in 
barley, wheat, sweet corn, and crab grass. Hagborg (6) added rye to the 
known hosts and Slykhuis (9) extended the host range to include Panicum 
mileaceum L., P. capillare L., Setaria italica (L.) Beauv., S. verticillata (L.) 
Beauv., S. viridis (L.) Beauv., Bromus secalinus L., B. tectorum L., Echinochloa 
crus-galli (L.) Beauv., and Eragrostis cilianensis (All.) Lutati. He found 
that only local lesions were produced on 13 species of Agropyron, Bromus 
tnermis Leyss., Festuca rubra L., Phalaris arundinacea L., Phleum pratense L., 
Avena sativa L., and Sorghum vulgare Pers. 


Transfer of Infection 


McKinney transmitted the disease by wiping the juices of diseased plants on 
healthy plants in the presence of carborundum. By means of the same method, 
the disease was transferred on July 4, 1951, from plants of Hannchen barley 
growing in the field at Winnipeg to wheat and rye seedlings in the greenhouse. 
As was found by McKinney, seedlings of oats inoculated by the same method 
failed to show any sign of disease. In the initial transfer barley seedlings were 
not available but in subsequent transfers the disease was readily transferred 
from wheat to barley or from barley to wheat. 


Elimination of Nonviral Pathogens as Causal Agents 


he McKinney had for unstated reasons considered the disease to be caused by 
a virus. It was widely known that vain attempts had been made by various 
investigators to isolate a pathogen on culture media from the false stripe 
disease although the results remained unpublished. Such negative results 
did not preclude the possibility that the disease was caused by an obligate 
parasite whether fungal, bacterial, or viral. 

Vain attempts to isolate a pathogen on culture media were made from 
false stripe obtained following manual transfer. Both surface plating and 
- dilution plating methods were used. To establish whether fungus mycelium 

or bacterial cells were present in the false stripe lesions, several smears were 
made from several different leaves of barley, which had developed the signs 
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of false stripe following inoculation with the infective juices. Separate 
smears were stained by negative and positive methods. One method employed 
was with Congo red acidified after drying to produce a blue film, interspersed in 
which bacterial cells and fungal hyphae would appear unstained. The other 
method employed was with crystal violet in which bacterial cells and fungal 
hyphae would appear a very dark violet on an unstained background. In none 
of the sm ars was there any indication, when they were examined at a magni- 
fication of 1350 diameters, that the disease was of fungal or bacterial origin 
or, indeed, that any other microorganisms were present. It seemed evident 
that McKinney’s contention that false stripe of barley was a virus disease 
was correct. 

In common with several other plant viruses, the barley stripe-mosaic virus 
does not appear to be readily filtrable. Unsuccessful attempts were made to 
pass it through a bacteria proof Seitz filter and a Corning sintered glass ultra 
filter. In later private communications with Dr. H. H. McKinney, he stated 
that he had been able to obtain only a trace of passage through a Berkefeld 
“N”’ filter and none through a Berkefeld ‘“‘W’”’ filter. 

The absence of microorganisms suggested that the adsorbed agent, if 
particulate, was composed of particles smaller than were detectable in a 
visible-light microscope. If so, such particles might be adsorbed either on 
larger bodies in the juices or on the filter itself. In addition, the possibility 
remained that the infective agent was not an entity separable from the host 
tissues but was bound to them chemically. 

The poor filtrability of the barley stripe-mosaic virus is consistent with the 
results for many other plant viruses. Bawden (1) states, ‘‘(Filtrability) was 
an unfortunate property to be chosen as a criterion of a virus, for in their 
ability to pass through filter candles, different plant viruses show even greater 
variations than in most of their other properties.” 


Symptomatology 


The signs of the disease in wheat and barley seedlings following inoculation 
appear to agree with those described by McKinney (7). In wheat, bleaching 
developed in rows of spots or in stripes, which, when well advanced, caused 
the leaves to be almost white in appearance. In barley, the bleaching was 
often less pronounced, being better described as a pronounced chlorosis. 
This was associated with a necrotic browning, which occurred in stripes or 
broken stripes, with or without an aggregation into a V-shape or an inverted 
V-shape. Evidence of the systemic spread of the disease from the older, 
inoculated, primary leaves of the plants to the younger, uninoculated leaves 
was present in both wheat and barley. Similarly, in both wheat and barley, 
striking evidence of systemic spread was present after the first-formed culms 
of plants were inoculated with infective juices of barley seedlings. The late- 
formed tillers, without further inoculation, became heavily infected and failed 
to head (Fig. 4). Such kernels as were produced in the older culms were 
shrivelled (Figs. 5, 6, and 7). 
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Under greenhouse conditions, a small proportion of the infected barley and 
wheat seedlings died within six weeks of inoculation, but most plants survived 
until maturity. Such plants were markedly weaker than uninfected plants, 
as evidenced by smaller size and the presence of fewer tillers. In plants 
inoculated at heading time, the reduction in vigor was much less marked than 
in plants inoculated as seedlings, but chlorotic stripes developed on the younger 
leaves, the necks, and the heads. In wheat, dark discolorations appeared on 
the necks and heads. It was found by test that the juices from such a head 
were infective on barley seedlings. As the infected wheat plants approached 
maturity they tended to have a faded brownish appearance. 


Under field conditions the young inoculated plants of both wheat and barley 
became chlorotic and remained noticeably paler than the controls until the 
controls changed color with the approach of maturation. <A general reduction 
in vigor resulted from infection as was evidenced in shorter plants with 
fewer tillers (Fig. 8). That infected plots produced fewer and lighter kernels 
was established by experimentation as will be shown below. 


Effects of the Disease on the Crop 


Two field experiments conducted in 1952 provided evidence of marked 
debility brought about by this disease in wheat and barley following artificial 
inoculation. Evidence was also obtained of some plant-to-plant spread of the 
disease in wheat plots. 

The first experiment, number F. 156, consisted of a study of the effect of 
inoculation with the false stripe virus in two varieties of wheat, Redman and 
H-44-24. The seed was sown on May 2, 1952, in a four-by-four latin square 
arrangement in which each plot consisted of two 18-ft. long subplots, one of 
each variety. Between the two subplots were sown two rows of Thatcher 
wheat and one row of Thatcher was sown on either side of the plot. Each 
plot was surrounded by a 2-ft. width of fallow and a 2-ft.-wide buffer of oats 
was sown between plots and also surrounding the whole experiment. 

The treatments, as designated in Table I, were as follows: 

Group A, inoculated early.—Subplots 7, 8, 9, 10, 21, and 22 were sprayed on 
May 29 with distilled water, dusted with carborundum powder, and then 
wiped with rubber pads by means of a pair of modified tongue-seizing forceps 
fitted with sponge rubber pads (Fig. 3) that had been dipped in the juices of 
barley seedlings infected with false stripe. The juices were obtained by crush- 
ing about 200 infected seedlings in a hydraulic press. Subplots 27 and 28 
were inoculated in the same manner on May 31, but for them it was necessary 
to dilute the infective juices with the juices of healthy barley seedlings in the 
proportion of one part of the infective juices to four parts of noninfective 
juices—as insufficient infected seedlings were available to permit of inoculation 
with undiluted juices. 

Group B, control, early.—Subplots 1, 2, 11, 12, 23, 24, 29, and 30 were 
treated as controls on May 29. They were sprayed with distilled water, 
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dusted with carborundum powder, and wiped with the rubber pads of the 
modified tongue-seizing forceps dipped in the juices of uninfected barley 
seedlings. 

Group C, inoculated late—Subplots 5, 6, 15, 16, 19, 20, 25, and 26 were left 
undisturbed until July 3 when they were inoculated in the headed stage by 
dragging a foam rubber pad over them after the plots had been sprayed with 
distilled water and the pad sprayed with the juices from 680 infected barley 
seedlings. No carborundum was used in this inoculation. 

Group D, control, late—Subplots 3, 4, 13, 14, 17, 18, 31, and 32 were treated 
as controls on July 3. They were treated in the same way as those in Group C 
except that the juices from 583 uninfected barley seedlings were substituted for 
the infective juices. 

By May 14, an abundance of infection was present in the plots of Group A 
and the chlorotic inoculated subplots were clearly distinguishable in color 
from the healthy uninoculated plots and from the uninoculated guard rows 
(Fig. 8). There was noticeably less infection in the two subplots inoculated 
with diluted infective juices than in the plots inoculated with undiluted 
infective juices. Later in the season this difference gradually disappeared as 
the severity of infection increased in the two subplots mentioned. 

By June 18 the contrast between the inoculated and control plots was still 
very clear-cut. 

On July 9 several developments were seen in the plots. The subplots 
inoculated early were several inches shorier than the guard rows of Thatcher 
while the uninoculated subplots and those inoculated after heading were as 
tall as the Thatcher guard rows. Ignoring the two uppermost (youngest) 
leaves, the percentage of necrotic leaf area in the inoculated plots was about 
80 as compared with about 25 in the controls. From 3 to 5% of the Thatcher 
plants immediately adjacent to infected rows had signs of infection. Such 
plants had chlorotic heads and necks and chlorotic stripes on the uppermost 
leaf. By July 15 such heads and necks were becoming noticeably darkened 
and many of the empty glumes of the infected Thatcher heads were becoming 
dark-discolored. Some of the leaves had become necrotic. On this same date 
almost every head in the early inoculated plots was chlorotic. In some of 
them necrotic areas had appeared on the glumes. The controls were un- 
affected. 

On July 23, scattered signs of infection were present in the late inoculated 
plots (Group C). In these plots 3% of the plants bore a mosaic pattern of 
chlorosis on the necks and displayed a pale-green to brownish color on the 
heads. On this date the chlorotic, naturally infected plants in the rows of 
Thatcher adjacent to the inoculated plots provided a color contrast with the 
dark-green of the uninfected plants. 

On August 15, the reduction in height resulting from early infection was 
marked and measurements were taken of the height in inches at three points 
in each plot, one yard from each end and in the center. The mean of the 
three measurements for each plot is given in Table I. 
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The plots were harvested on Aug. 21 (Redman) and Aug. 27 (H-44-24). 
The cleaned grain was hand-picked for the removal of bits of dirt and other 
extraneous material before weighing and determination of 1000 kernel 
weight and grade. Each 1000 kernel weight datum is the mean weight of 
three 1000 kernel lots. The grading was done by the courtesy of the Office of 
the Chief Grain Inspector, Board of Grain Commissioners for Canada, at 
Winnipeg, Man. All grades were determined on numbered samples without 
knowledge of treatment. The data on yield, height of plants, kernel weight, 
and grade, their analysis and interpretation are given in Tables I, II, III, and 
IV, and Fig. 1. 


TABLE I 


HEIGHT OF CROP, YIELD OF GRAIN ,» WEIGHT OF KERNELS, AND GRADE IN PLOTS OF WHEAT GROWN 
IN A LATIN SQUARE, WITH A KEY TO THE TREATMENTS DESCRIBED IN THE TEXT 


The plots were subdivided as randomized pairs of the two varieties, Redman and H-44-24 
Experiment F. 156 


Column 


Redman H-44-24 Redman H-44-24 Redman H-44-24 Redman H-44-24 


Height of crop in inches 


1 37.0 38.0 37.0 37.0 37.6 38.3 34.0 36.0 
2 29.6 31.6 36.0 36.3 38.3 37.6 37.6 41.0 
3 36.3 34.6 36.0 37.0 33.0 32.6 38.3 39.3 
4 36.3 36.3 30.3 32.6 36.3 37.0 37.0 38.6 


Yield in grams per rod row 


1 342 384 374 381 414 454 155 63 
2 32 67 337 396 528 369 479 475 
3 423 305 397 226 186 67 425 331 
4 411 322 114 43 372 367 452 405 


Weight per thousand kernels 


1 31.7 30.4 33.0 31.1 35.4 32.8 26.6 26.7 
2 18.5 21.8 34.8 32.5 37.5 33.6 34.1 37.4 
3 34.7 32.3 32.3 31.6 26.6 21.5 35.6 31.7 
4 36.1 33.6 23.5 20.2 35.7 34.4 36.8 38.1 


Grade of hand-cleaned grain 


1 4 4 4 4 4 3 4 4 
2 6 6 3 3 2 3 2 3 
3 3 3 3 3 4 6 3 3 
4 3 2 6 6 3 2 3 3 
Key to treatment in data given above 
1 B B D D Cc Cc A A 
2 A A B B D D Cc Cc 
3° D D Cc Cc A A B B 
4 Cc Cc A A B B D D 
1A — Inoculated early. B — Control, early. 


A 
C — Inoculated late. D — Control, late. 
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TABLE III 


MEAN HEIGHT, YIELD, KERNEL WEIGHT, AND GRADE OF WHEAT GROWN IN A LATIN SQUARE AT 
WINNIPEG IN 1952 


F. 156 


Treatment 
Characteristic A | B Cc | D 
Redman | H-44-24 | Redman | H-44-24 | Redman man | H-44-24 24 | Redman | H-44-24 
Plant height, in. a7 33:2 36.9 | 37.7 | 36.9 | 38.2 37.2 37.0 
| 
Yield, gm. per rod row 122 69 | 369 370 | 425 369 144 365 
| 
| 
Kernel weight, gm. per 95.2 90.2 137.8 | 129.0 | 137.9 | 135.4 | 142.0 135.1 
1000 | | | 
Grade 5.0 BS | a3} Oo | 208 | 22 3.0 3.3 


TABLE IV 


EFFECT OF EARLY INOCULATION WITH THE FALSE STRIPE VIRUS ON THE MEAN HEIGHT, YIELD. 
KERNEL WEIGHT, AND GRADE OF WHEAT 


Experiment F. 156 


| Lowest 
Characteristic Control Inoculated Difference | significant Loss 
difference 


Height, in. 31.3 32.4 4.9 0.65 | 13.1% 
Yield, 
gm. per plot, | 369.2 90.9 278.3 60.9 75.4% 
bu. per acre [26.8 8.8 27.0 6.1 | ts 
Kernel weight, gm. per 1000 | oo.4 | ° 23.2 10.2 1.54 | 30.5% 
Grade 5.25 2.10 0.75 | 


It will be noted that there were marked and statistically significant reduc- 
tions in height of crop, yield, kernel weight, and grade in the early inoculated 
plots. The yield was reduced by 75° in wheat and by 63% in barley 

A much greater percentage reduction of yield as compared with kernel 
weight indicated a sharp reduction in the number of kernels. Based on 
observations of the plants in the greenhouse and in the field, it was evident 
that the reduction in number of kernels was attributable chiefly to (i) a reduc- 
tion in number of tillers and (ii) the failure of heading in many of the late- 
formed tillers of the inoculated plants. It may have been due in part to the 


loss of badly-shrivelled kernels during threshing. i 


The second experiment, number F, 157, consisting of randomized paired 
plots 5 ft. in length, was originally designed to test for insect transmission 
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Fic. 1. Effect of inoculation at two stages of development on the mean yield and mean 
grade of wheat at Winnipeg in 1952, Experiment F. 156. 


TABLE V 


YIELD, KERNEL WEIGHT, AND GRADE OF GRAIN FROM PLOTS OF PLUSH BARLEY SOWN ONE YARD 
APART IN RANDOMIZED PAIRS 
Experiment F, 157 


Pair | Yield Kernel weight Grade 
Number, Inoculated |Uninoculated) Inoculated |Uninoculated) Inoculated | Uninoculated 
1 | 78 359 36.9 40.4 | 2 Feed 1 Feed 
4 | 123 | 276 | 37.4 01 | “« | « 
87 258 36.4 37.9 
6 | 128 200 36.8 41.1 | 
7 | 120 359 37.6 38.4 } 
8 147 | 232 35.9 39.9 
9 102 | 326 } 36.3 39.8 
10 124 | 310 36.2 39.9 
11 103 303 | 36.2 37.6 
12 101 351 34.8 | 39.2 
13 55 363 34.5 38.9 
14 99 | 353 35.8 | 39.2 = ; = « 
Mean 109.0 315.7 36.3 39.4 1.86 1.0 
Mean 
differ- 
ence 206.7 3.1 0.86 
LSD. 45.5 0.68 0.27 
Percent-! 
age re- 
duction 65.5 7.9 — 
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from inoculated barley to uninoculated wheat and barley. The uninoculated 
plots were sown on either side of the inoculated plot and at a distance of 3 ft. 
from it. The purpose of this plan was to avoid plot to plot transfer by contact 
of the plants. Each block of three plots was surrounded by a 3 ft. space and 
a buffer of oat plants. There were 16 such blocks arranged in randomized 
pairs for testing the effect of insect transmission, the plan being to spray one 
block of each pair with insecticides. Inoculation was done by the same 
method as in Experiment F. 156 and the inoculated plots became infected 
uniformly as was indicated by a pronounced chlorosis followed by a lack of 
vigor. Nevertheless there was no evidence of insect transmission under the 
conditions of the experiment. Consequently the experiment was converted 
into a test of the effect of infection in barley. The plants in one lineal yard of 
row in each plot of barley were harvested and hand cleaned. Infection 
resulted in marked reductions in yield, kernel weight, and grade (Table V). 
For measurements on height and diameter of stem, two samples, each 
containing 181 stems were taken at random, one from an inoculated plot and 
the other from the uninoculated plot paired with it. The stems were cut off 
at ground level and measured to the tip of the head and the diameter of each 
stem was measured with a micrometer at the second node above ground level. 
Both length and diameter of stem were reduced by infection (Table V1). 


TABLE VI 
LENGTH OF CULM AND DIAMETER OF STEM IN PLANTS FROM ONE PAIR OF INOCULATED AND 
UNINOCULATED PLOTS OF PLUSH BARLEY 
Experiment F, 157 


Mean length | Mean diameter 


of culm, at second aerial 
in. | node, mm. 
| 
Uninoculated plants (control) | 32.5 3.822 
Inoculated 26.4 i 
Difference 6.1 | 0.095 
Lowest significant difference | 0.4 0.054 


Seed Transmission 


Evidence of seed transmission of the false stripe virus was found in both 
wheat and barley. In 132 seedlings grown in the greenhouse from 150 seeds 


Fic. 2. False stripe symptoms in secondary leaves of Plush barley, Feb. 21, 1952, 20 
days after inoculation of primary leaves with the barley stripe-mosaic (false stripe) virus. 
Note the “V-shaped” brown stripes. 

Fic. 3. Surgical tongue-seizing forceps fitted with sponge rubber pads for plant 
inoculations. 

Fic. 4. Systemic infection in greenhouse-grown wheat. At left, four leaves from 
secondary tillers following inoculation of the main culm of the plant; at right, four leaves 
from secondary tillers of control plants. 
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of Hannchen barley grown at Winnipeg, in 1951, 11 developed signs of the 
disease. 

More complete information was obtained in two experiments performed with 
seed from the plot experiments referred to above, F. 156 (wheat) and F. 157 
(barley). Following threshing, the seed was stored in a thermostatically- 
controlled cabinet at 12°C. for almost the entire period until it was sown 
in soil beds in the greenhouse maintained at about 18° C. One hundred seeds 
were sown from each plot. Thus there were four replicates of each of the 
groups in the wheat experiment and 14 replicates in the barley. The barley 
was sown on Oct. 18, 1952, and the wheat on Mar. 12, 1953. 

In both experiments, signs of infection were present within six days after 
they had been sown. The recorded examination of the barley seedlings was 
made on the 13th day after the date of sowing and of the wheat seedlings on 
the 12th day. Evidence of transmission of the disease in a high percentage 
of the seeds was obtained (Table VII). The degree of severity of the symp- 
toms varied in the seedlings from slight to severe. In this respect they differed 
from those manually inoculated in which infection was more uniformly severe. 
These experiments confirmed the finding of McKinney (7) that the disease is 
seed-borne. In the two experiments described, markedly less vigorous seed- 
lings developed in the rows sown with seed from infected plots. 

Dr. J. E. Machacek tested some of the infected barley seed from Experiment 
F. 157 with three chemical seed treatments (Ceresan M, formalin, and 


TABLE VII 


FALSE STRIPE INFECTION IN SEEDLINGS GROWN FROM SEED OF WHEAT AND BARLEY PRODUCED 


| Number of Percentage 
Crop Plots of origin of 
| Seeds | Total Infected seedlings 
sown | seedlings seedlings | infected 
| | | | 
Wheat Early inoculation 400 | 330 240 71 
“control 323 0 0 
| Late inoculation 315 0 0 
5 | “ control ss | 343 0 | 0 
Barley | Early inoculation 1400 1193 1024 | 86 
| 1 0. 1 
| 


control | 1301 


Vanicide). There were duplicate lots of 100 seeds in each treatment and the 
control. None of the treatments was efficacious. Formalin caused a slight 
reduction in infection (88 to 79%) and in emergence (88 to 71%). The effect 
of treatment with hot water is to be tested. 


Fic. 5. Chlorosis and melanism in wheat following inoculation with the false stripe 
virus. At left, three infected culms; at right, three control culms. 


Fic. 6. Shrivelled kernels taken at random from the infected wheat plants of Fig. 5. 
Fic. 7. Plump kernels taken at random from the control plants of Fig. 5. 
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Discussion 


It is evident that the disease found in barley by Conners in 1924 and referred 
to by him as “false stripe’’ can be transferred at will to barley and wheat, but 
not oats. It can also be transferred to rye and this characteristic, as well as 
its infectivity in certain perennial grasses, probably provides a means of over- 
wintering in addition to seed-borne over-wintering. It has been shown that 
the disease can spread to some extent from plant-to-plant in the field. The 
means of spread in field Experiment F. 156 was not established, but might have 
been from direct contact, as the disease is readily transmitted by manual 
rubbing even without an abrasive. In the field, an abrasive would be present 
in the form of soil. A dust storm with the usual content of fine sand would be 
expected to aid the spread of this disease. Free moisture, or even a high rela- 
tive humidity are unnecessary to infection with this disease. That insects 
and other animal life play a role in its spread seems probable, but has not been 
established experimentally. 

The exact nature of the infective material is not known at present. 
Evidence was found that the ultimate infection particle was of submicroscopic 
size although it would not pass readily through bacteria-retaining filters. It 
appeared to remain supernatant even after six successive centrifugations of 
the decanted portion in a high speed angle centrifuge at 12,000 r.p.m. How- 
ever, with the centrifugation technique there was the possibility that a portion 
of the infective material may have adhered to the inside of the centrifuge 
tube as the slope of the liquid changed during acceleration of the centrifuge. 
Such material might remain intact on the tube during the higher speeds of 
rotation and become resuspended during deceleration. Although that possi- 
bility seems somewhat remote it cannot be neglected. 

There is a strong possibility that the damage caused by the false stripe 
virus to crops will be recognized more readily as such in the future. Much 
of it probably has been overlooked in the past because of the changes that take 
place in the signs of the disease as the season progresses. Such changes were 
clearly evident in the field experiments referred to above. In the barley plots, 
when the plants were approaching the dough stage, the inoculated plots were 
clearly distinguishable from the uninoculated plots by reason of their reduction 
in height, but they bore little other evidence of false stripe. In less than 5% 
of the plants, the distinctive signs of false stripe were visible on the leaves, 
although most of the leaves had shown the signs early in the season when they 
were green. Thus, in a plant disease survey of farmers’ fields when the crop 
was approaching maturity it would be possible to examine a field in which 
every plant was unthrifty from false stripe infection and yet fail to recognize 
the signs of the disease in, at best, more than a few per cent of the plants. 

The marked reductions in yield, kernel weight, and grade of grain following 
inoculation indicate the harmful potentialities of the disease under conditions 
favorable for its spread. It seems likely that spray equipment moved through 
the growing crop would provide a means for a small initial infection to become 
severe as a result of the crushing and rubbing action of the equipment. The 
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Fic. 8. Chlorosis of wheat, June 17, 1952, 19 days after inoculation with the 
false stripe virus. Plots in Experiment F. 156. 


Fic. 9. Symptoms of false stripe in adult barley leaves. Natural infection. 


Fic. 10. Symptoms of false stripe in seedling barley following inoculation 
of the primary leaves. 
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extensive use of such equipment in the growing cereal crop is a comparatively 
recent innovation and its full impact on the spread of bacterial and virus 
diseases has probably not been manifested as yet. 

Whether or not false stripe was a factor’in the unusual outbreak of dwarfing 
and dark discoloration in wheat in Manitoba and Saskatchewan and in 1951 
is not known, but there were interesting characteristics of that outbreak 
that suggested the possibility of a virus infection. In that year a number of 
diseased samples of wheat plants from fields approaching maturity were 
received by the Laboratories of Plant Pathology in the Prairie Provinces. 
They came from growers, grain companies, milling companies, agricultural 
representatives and farm services. In some areas root-rot appeared to be 
responsible for the severe lack of vigor observed, but in some samples the 
evidence of root-rot was lacking. In an examination of meteorological data, 
no evidence was found of unusual meteorological conditions that would 
account for the poor growth. Furthermore, there were reports of good grain 
(No. 1 Northern and No. 2 Northern) produced in fields nearby the infected 
fields. It appeared as if local factors were responsible, such as an undiagnosed 
disease or some cultural practice. If a similar condition is encountered in the 
future it should be possible to establish whether false stripe is responsible. 
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‘A SIMPLE SEROLOGICAL TEST FOR CERTAIN 
ACTINOMYCETES'! 


By R. J. DouGLas? AND E. H. GARRARD’ 


Abstract 


A serological technique for differentiating between certain actinomycetes is 
described, in which satisfactory flocculation occurs with extracts from 
homogenized mycelium. 


Introduction 


While engaged in potato scab research, the problem arose of differentiating 
between actinomycetes isolated from such sources as the soil and tuber lesions. 
Earlier reports (3, 4) indicated that serological methods might be applied to 
this group and a technique was described whereby actinomycete suspensions 
suitable for agglutination tests were prepared by ultrasonic disruption. This 
phase of the work was investigated in an effort to find a rapid method of 
differentiating between certain pathogenic and saprophytic forms of actino- 
mycetes, and to establish a technique that could be more widely applied in 
the ordinary laboratory. 

Experimental 


Shake cultures of actinomycetes grown in a synthetic medium were 
harvested on a Biichner funnel and ground in a Potter homogenizer. Thick 
saline suspensions of this homogenate were injected intravenously into young 
rabbits (four to five months) at four day intervals until a total of six inocula- 
tions had been made. The sera were harvested nine days after the last 
injection. This relatively short time schedule was employed to prevent the 
establishment of excessive cross reactions, although the validity of this premise 
has been questioned (2). 

For serum testing the mycelium was homogenized with AlO;, the homo- 
genate shaken with 0.85% saline solution, and the larger cell debris allowed 
to settle out overnight in the refrigerator. The stable supernatant suspension 
was removed and diluted with normal saline to a turbidity equivalent to 
Nephelometer No. 1 on the McFarland scale. One half milliliter aliquots ot 
this were combined with equal volumes of serial twofold dilutions of antiserum, 
incubated for three hours at 56° C. and the tubes observed for the formation 
of aggregates. This short incubation period eliminated previous difficulties 
experienced with nonspecific agglutination in the antigen controls. A typical 
serum titration is shown in Fig. 1. 

Further observations of the speed and type of aggregate formation suggested 
that the reaction probably was not true “agglutination” as previously inferred 
(1). Modification of the test by removal of the suspended cellular debris by 


1 Manuscript received August 19, 1953. 
Contribution from the Department of Bacteriology, Ontario Agricultural College, Guelph, 
Ontario. 
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on Fic. 1. Flocculation of centrifuged extracts of homogenized actinomycete mycelium 
in serum dilutions of 1:10, 1:20, and 1:40, after three hours at 56°C. Antigen control 
to extreme right. 
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centrifugation did not significantly lower the titer. Additional evidence that 
the cellular material was inactive was obtained in the following way. Antigens 
prepared from pathogenic and saprophytic cultures (P25 and S25 respectively) 
showed only homologous reactions. The antigens then were fractionated by 
centrifugation and the cell debris of P23 combined with the saline extract of 
Sos, and vice versa. Results obtained with these preparations are shown 
in Table I. 
TABLE I 


THE ROLE OF SALINE EXTRACTS AND CELL DEBRIS IN THE SEROLOGICAL 
TESTING OF ACTINOMYCETES 


| Anti Pos serum dilutions 


Antigens — 
| 1:10 | 1:20 | 1:40 | 1:80 
Sos extract + So; debris | —* | 
Po extract + P23 debris | +** + + + 
Poy extract + S»; debris | + + + + 
S25 extract + Pog debris ? 


* No flocculation. 
** Flocculation. 


These results indicated that the activity was resident in the saline extract 
and the reaction therefore is more properly described as a flocculation. This 
apparently is distinct from the type of reaction ‘previously reported (3, 4). 
Because of the variable turbidity of centrifuged extracts, antigen solutions 
have been standardized on the basis of nitrogen content (micro-Kjeldahl). 
An arbitrary nitrogen content of 100 ugm./ml. has been adopted, although 
this is by no means critical. 

The above procedure has been used extensively; it is simple to carry out 
and satisfactory reactions have been observed in dilutions up to 1 : 320. 
Results obtained by the use of this test will be reported later in greater detail. 
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THE RELATIVE PREVALENCE OF SPECIALIZED FORMS OF 
PUCCINIA CORONATA THAT OCCUR ON RHAMNUS CATHARTICA 
IN CANADA' 


By B. PEtTuRSON? 


Abstract 


Surveys were made during the period 1947-1951 to determine the prevalence 
and distribution of the specialized forms (formae speciales) of Puccinia coronata 
Corda which occur on Rhamnus cathartica L. in Canada. From 96 aecial collec- 
tions obtained in Manitoba and in Eastern Canada on R. cathartica, three 
distinct forms of P. coronata were isolated. Two of these, f. sp. avenae and f. sp. 
festucae, had been isolated previously in both Europe and North America. The 
third form, which could not be identified with any previously described form, 
was pathogenic on many species of wild and cultivated grasses, as well as on 

. many varieties of barley and rye, but was nonpathogenic on oats. It is given 
the designation P. coronata f. sp. secalis f. sp. nov. The uredial stage of f. sp. 
secalis is much darker in color than the corresponding stage of the other two 
forms and it can be distinguished from them quite readily. The forms avenae 
and secalis occurred in Manitoba and Eastern Canada, while the form festucae 
was found in Eastern Canada only. In Eastern Canada the forms avenae, 
secalis, and festucae, in the order named, comprised 60.6, 36.6, and 2.8% of the 
isolates. In Manitoba, the form avenae comprised 16 and the form secalis 84% 
of the isolates. 


Introduction 

It has long been known through the work of Melhus ef a/. (12) that several 
specialized forms (formae speciales) of Puccinia coronata occur on Rhaninus 
cathartica in the United States. Some of these forms are known to occur on 
R. cathartica in Canada. However, little is known concerning the relative 
prevalence of them on this alternate host and, in consequence, it is impossible 
to appraise accurately the practical significance of the aecial infections that 
frequently occur on R. cathartica in Canada. 

Rhamnus cathartica is common in many parts of Eastern Canada, where it 
has escaped from cultivation in many localities. In Manitoba, R. cathartica 
is rarely found outside the larger towns and cities where it is used as an orna- 
mental in park plantings. It has not escaped from cultivation in this area 
and is rarely found growing in the vicinity of grain fields. It is even less 
prevalent in Saskatchewan and Alberta than in Manitoba and no rust collec- 
tions were received from those two provinces on this host during the course 
of the present study. In Eastern Canada the observations of Conners (5), 
Clarkson (4), and others would indicate that, in certain years, aecial 
infections on this host, at least in some localities, are sufficiently common to 
cause local oat-rust epidemics. In Manitoba, the writer (15) has observed 
very heavy aecial infections on R. cathartica in certain years, but owing to 
the small number of bushes, and to the absence of oat fields in their vicinity, 

1 Manuscript received for publication July 24, 1953. 
Contribution No. 1303 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. Part of a thesis presented in “June, 1952, to the 


University of Minnesota, in partial fulfillment of the requirements for a Ph.D. degree in plant 
pathology. 
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they could not have had any appreciable effect on the prevalence of crown rust 
on the oat crop. No other Rhamnus species susceptible to Puccinia coronata 
f. sp. avenae occurs in any significant numbers in Canada, so far as the writer 
knows. 

Because the information concerning the prevalence and distribution of the 
specialized forms of crown rust occurring in Canada was incomplete, studies 
were carried out at the Laboratory of Plant Pathology, Winnipeg, Man., to 
gain further evidence concerning their distribution and relative prevalence on 
Rhamnus cathartica, the principal aecial host harboring Puccinia coronata. 


Methods 


The collections of aecia made in Eastern Canada were shipped shortly after 
they were obtained, by air mail, to the Laboratory of Plant Pathology, 
Winnipeg, Man. As soon.as the collections were received, the infected parts 
of several leaves were cut out and appressed to moist blotting paper attached 
to the inside of the cover of a Petridish. The Petri dish cover was then placed 
over the bottom part of the dish in which a microscope slide had been placed. 
Within an hour or so spore discharge commenced and continued for several 
hours. Usually a heavy deposit of spores settled on the microscope slide. 
Inoculation was effected by pressing the slide containing the spores to the 
leaves of the hosts used. In order to ascertain which of the crown rust 
forms were present in the material studied, the aeciospores from each 
collection were applied, by the method described above, to the cereal varieties 
and grass species that had been used by European and American workers to 
differentiate between the various forms of Puccinia coronata that occur on 
Rhamnus cathartica. 


Experimental Results 


Forms of Puccinia coronata Isolated 

Three distinct forms of Puccinia coronata were isolated in this study: 
{. sp. avenae, f. sp. festucae, and a form that had not previously been reported 
elsewhere and is here designated as P. coronata f. sp. secalis owing to its ability 
to infect heavily a large number of varieties of cultivated rye. 

Both f. sp. avenae and f. sp. secalis were isolated frequently from aecial 
infections occurring on Rhamnus cathartica in Eastern Canada and in Manitoba 
while f. sp. festucae was isolated infrequently in Eastern Canada, and not at 
all in Manitoba. In Eastern Canada f. sp. avenae was appreciably more 
prevalent than f. sp. secalis. These two forms comprised 60.6 and 36.6%, 
respectively, of all isolates and the f. sp. festucae 2.8%. However, in Mani- 
toba, f. sp. secalis was much more prevalent on R. cathartica than f. sp. avenae. 
Here f. sp. avenae formed only 16% of all isolates and f. sp. secalis 84%. 
Tables I and II give the relevant data concerning the number of isolates of 
forms of P. coronata obtained from aecial collections originating on R. cathartica 
in Eastern Canada and Manitoba, respectively. 
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TABLE I 


NUMBER OF ISOLATES OF FORMS OF Puccinta coronata CORDA OBTAINED FROM COLLECTIONS OF 
AECIA ON NATURALLY INFECTED PLANTS OF Rhamnus cathartica IN EASTERN CANADA 


| Forms of P. coronata | Total 
Year number of 
| avenae secalis | festucae isolates 
1947 | 10 | 9 0 19 
1948 | 1 7 1 19 
1949 | 11 | 3 1 15 
1951 11 | 7 0 | 18 
Total | 43 | 26 2 71 
| 
% of total isolates | 60.6 | 36.6 2.8 
| 
TABLE II 


NUMBER OF ISOLATES OF FORMS OF Puccinia coronata CORDA OBTAINED FROM COLLECTIONS OF 
AECIA ON NATURALLY INFECTED PLANTS OF Rhamnus cathartica IN MANITOBA 


| Forms of P. coronata 


% of total isolates 


Year Total 
| avenae | secalis | 
1949 | 0 6 6 
1950 3 | 10 | 13 
1951 | 1 5 6 
| 
Total | 4 21 | 25 
| 


Description of Puccinia coronata f{. sp. secalis {. sp. nov. 

Pycnidiis epiphyllis, sparsis, obscuris, epidermide aliqua ex parte tectis; 
nectari exiguo. <Aecidiis hypophyllis vel petiolicolis, rare epiphyllis, minutis; 
aecidiosporis globosis vel ellipsoideis, 19-29 XK 17-23 mu; episporio verriculoso, 
1.0-1.5 uw crasso. Uredosoris amphigenis, saepe confluentibus, circularibus 
vel linearibus; uredosporis rubrifulvis, globosis vel ellipsoideis, 15-32 13-29 
#; episporio echinulato, 1.0-1.5 uw crasso. Teleutosoris amphigenis, 1-2 mm. 
longis, confluentibus, diu epidermide tectis; teleutosporis cuneatis, 35-62 X 
12-17 yw, pedicillis persistentibus, cornutis, cornu usque ad 20 yu longo. 

Pycnia epiphyllous, few, inconspicuous; immersed in the host tissue; nectar 
secretion very scanty. 

Aecia mostly hypophyllous, and on petioles, aeciosori usually small com- 
prising only a few aecial cups, sometimes consisting of a single cup (Fig. 5). 
Aeciospores globose to elliptical, 19-29 X 17-23 uw; epispore slightly verru- 
culose, hyaline, 1.0-1.5 w thick, germ pores several, scattered. 
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Uredia circular to linear, occasionally reaching a length of 1 mm., often 
confluent; spores yellowish red in color (5.YR. 5/10, Munsell System of Color 
Notation), globose to elliptical, 15-32 X 13-29 uw; epispore echinulate, sub- 
hyaline, 1.0-1.5 yw thick; germ pores several obscure, scattered. 

Telia amphigenous, confluent, up to 2 mm. in length, covered by the host 
epidermis; spores wedge shaped, 35-62 X 12-17 wu in size; the lower cell much 
longer than the upper one; the spore crowned with several very prominent 
digitate processes up to 20.0 uw long (Fig. 2); processes in some of the spores 


TABLE III 


THE INFECTION TYPES PRODUCED ON SPECIES AND VARIETIES OF CEREALS AND GRASSES BY 
Puccinia coronata ¥. sP. secalis 


\| ‘ 
|Infection 


| Infection | 
| type on || | type on 
Hosts tested seedling || | Hosts tested | seedling 
| plants | a plants 
cristatum (L.) Gaertn. 3 Holcus lanatus L. | i 
. desortorum (Fisch.) Schult. 4 | Lolium perenne L. i 
4 elongatum (Host) Beauv. 3¢ | Hordeum jubatum L. 4 
A. junceum (L.) Beauv. 3 H. vulgare L. | 
A. repens (L.) Beauv. 4 var. Campana C.l. No. 54: 38 3 
A. subsecundum (Link) Hitche. | Montcalm C.1. No. 7149 | 4 
A. trachycatlum (Link) Malte. 3 Moore C.I. No. 7251 | 4 
A. trichophorum (Link.) Richt. 4 Newal C.1. No. 6088 | 3 
Avena spp. Oderbrucker C.1. No. 4666 3- 
var. Anthony 4C.1. No. 2143 0 Titan C.1. No. 7055 3 
Bond C.1. No. 1130 i | Velvon C.1. No. 6109 | 3 
Glabrota C.1. No. 2630 | i Secale cereale 1.. | 
Green Russian C.1. No. 2890 0 var. Abruzzi R.L. No. 2641}  1-3** 
Richland C.I. No. 787 0 Balbo R.L. No. 2639 | _ 
Ruakura C.I. No. 2025 0 Brandt's R.L. No. 2659 0-4 
Saia C.1. No. 4639 0 Martin 
Ukraine C.I. No, 3259 0 Dakold R.L. No. 2634} 1-4 
Victory C.1. No. 1006 0 Emerald R.L. No. 2635} 1-4 
Agrostis alba L. i Kings R.L. No. 2637| 1-4 
A. hyemalis Walt. i Minnesota’ R.L. No. 2636) 1-4 
A. tenuis Sibth. i No. 121 
Arrhenatherum elatius (L.) Presl. i Petkus R.L. No. 2653| 1-3 
Bromus carinatus Hook. & Arn. 0 Polen R.L. No. 2655 1-3 
B. catharticus Vahl. i Prolific tC.A.N. 1796) 2-4+ 
B. ciltatus L. i Rosen C.A.N. 2824 2-4+ 
B. inermis Leyss. o* Storm R.L. No. 2640| 1-4 
B. secalinus L. 4 || Ungarn R.L. No. 2654} 1-4 
B. sterilis L. 2 | Triticum vulgare L. 
Calamagrostis inexpansa A. Gray i var. Little Club C.I. No. 4006 | 0-2 
C. canadensis (Michx.) Beauv. i Reliance C.I. No. 7370 | 0 
Festuca elatior L. i 


| 


+ CLI. refers to cereal investigation number, Department of Agriculture, United States. 
t C.A.N. refers to accession number of field crop varieties, Canadian Department of Agri- 
culture. 
* In some tests a few plants of Bromus inermis became slightly rusted. 
** All the rye varieties were heterogeneous for rust reaction. Some plants were resistant while 
others were highly susceptible. 
Meaning of symbols: 
4 = suceptible; 3 = moderately susceptible; 1 and 2 = resistant; 0 = chlorotic flecks; 
i = immune. 
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are almost equal in length to the upper cell of the spore. Type—Winnipeg, 
Man. Aug. 30, 1952, on Agropyron repens (L.) Beauv., deposited in the 
Mycological Herbarium, Division of Botany and Plant Pathology, Ottawa, 
DAOM 35203. 

Morphologically, f. sp. secalis is almost identical with some of the other 
forms of Puccinia coronata previously described (avenae, festucae, agrostis, and 
calamagrostis). It differs slightly from all the other described forms in that 
its apical processes exceed those of the others in length, as shown for the three 
forms isolated in present study (Figs. 2, 3, and 4). However, this difference 
is not sufficiently obvious to warrant giving it varietal status, at least not 
until such time as a comprehensive statistical analysis has been made of this 
character for all the known forms of P. coronata. 

Another and more obvious difference between f. sp. seca/is and other crown- 
rust forms is the difference in spore color. ‘The urediospores of f. sp. secalis 
are darker than those of the other forms and this form can readily be distin- 
guished from any of the others by the urediospore color alone. 


Aecial and Uredial Host Range of Puccinia coronata f. sp. secalis 

The f. sp. secalis is capable of infecting a number of Rhamnus species. In 
greenhouse tests aecial infections were produced on R. catharlica and R. alni- 
folia L’Her. However, R. alnifolia was not as congenial a host as R. cathartica. 
No infections occurred on R. frangula L., R. pallasti Fisch. & Mey., and R. 
dahurica Pall., which appear to be immune from this rust form. In Manitoba 
this form has been isolated from aecia on R. cathartica, R. saxatilis Jacq., 
R. tinctoria Waldst. & Kit., and R. utilis Decne. Although f. sp. secalis 
apparently cannot infect oat varieties it can infect some wheat varieties 
slightly and many varieties of rye and barley quite heavily (Table III and 
Fig. 1). It is also pathogenic to a greater number of species of cultivated and 
wild grasses than any of the other crown rust forms. The reaction of several 
species and varieties of cereals and grasses to f. sp. seca/is is given in Table III. 


Nomenclature 


Puccinia coronata Corda. Icon. Fung., Vol. 1, p. 6. 1837. 
Syn. P. lolii Niels. Ugeskrift fiir Landmaend I., p. 549. 1875. 
P. coronata (Corda.) Kleb. Z. Pflanzenkrankh. 4: p. 133. 1894. 
P. coronifera Kleb. Z. Pflanzenkrankh. 4 : p. 133. 1894. 

In 1874, Nielsen (14) found that aeciospores from Rhamnus cathartica would 
infect Lolium perenne L. but that the aeciospores from R. frangula would not. 
He postulated, on the basis of this test, that P. coronata comprised two rust 
species and he named the one which produced aecia on R. cathartica and uredia 
and telia on L. perenne, P. lolii. 

In 1892, Klebahn (10) discovered that the crown rust spores on some 
species (Festuca elatior, Lolium perenne, and Avena sativa L.) produced aecia 
on Rhamnus cathartica and not on R. frangula while the spores on other hosts 
(Holcus mollis L., Pharlaris arundinacea \.., and Calamagrostis lanceolata 
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Roth.) produced aecia on R. frangula but not on R. cathartica. On the basis 
of this difference and some other rather obscure differences he set up two 
crown rust species. Puccinia coronata (Corda) Kleb. and Puccinia coronifera 
Kleb. Later Eriksson (7), Klebahn (11), and Miihlethaler (13) described 
several formae speciales which they assigned to one or the other of these two 
crown rust species. The formae speciales producing aecia on R. cathartica and 
uredia and telia on various gramineous species were arranged as follows: 

1. Puccinia coronifera {. sp. avenae Erikss. on Avena sativa L. 

2. P. coronifera f. sp. alopecuri Erikss. on Alopecurus pratensis L. 

3. P. coronifera f. sp. festucae Erikss. on Festuca elatior L. and F. gigantia 

(L.) Vill. 

4. P. coronifera {. sp. lolii Erikss. on Lolium perenne L. and L. temulentum L. 

5. P. coronifera f. sp. glyceriae Erikss. on G/yceria aquatica (L.) Wahlenb. 
coronifera {. sp. agropyri Erikss. on Agropyron repens (L.) Beauv. 
coronifera {. sp. holci Wleb. on Tolcus lanatus L. 
coronifera {. sp. epigaei Erikss. on Calamagrostis epigeios (L.) Roth. 
corontfera f. sp. bromi Miihlet. on Bromus erectus Huds., B. inermis L., 

and B. sterilis L. 

Dietz (6), Treboux (20), Straib (18, 19) have shown that certain of these 
formae speciales are harbored by both Rhamnus cathartica and R. frangula and, 
therefore, there is no valid reason for dividing Puccina coronata into two species 
and the name P. coronifera, as both Brown (2) and Straib (18, 19) have pointed 
out, should now be regarded as a synonym only. 


In North America, Klebahn’s nomenclature of crown rust. was never accepted 
and all forms of crown rust studied were considered as belonging to Puccinia 
coronata Corda by the various investigators (1, 3, 6, 8, and 12). 

When Puccinia coronifera is made a synonym of P. coronala the nine forms 
listed above become forms of P. coronata. Since the names of two of these 
forms, holci and agropyri, were used also (by Eriksson and by Klebahn) to 
designate two forms of Puccinia coronata, the dropping of the name coronifera 
brings together, under one name, two holci forms and two agropyri forms. 
The two holci forms may or may not be identical and the same applies to the 
two agropyri forms. However, there seems to have been some doubt as to 
the vailidity of the forms P. coronata holct and P. coronata agropyri for 
Miihlethaler (13) states, in 1911, that the existence of these two forms has not 
been firmly established. 


Discussion 


Although only three forms of Puccinia coronata were found on Rhamnus 
cathartica in the areas of Canada covered by the present survey, it is quite 
possible that more of these forms are present in this area. A study of further 
aecial collections of P. coronata on this host might reveal the presence of other 
crown-rust forms. The f. sp. secalis, owing to its ability to infect heavily 
varieties of cultivated rye, barley, and some economically important grasses, 
may well be of considerable economic importance particularly where these 
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hosts are grown in areas in which R. cathartica is plentiful. However, as yet, 
surveys have not been made to determine the prevalence of this rust variety 
on its uredial hosts. 

The f. sp. secalis, on the basis of infection tests, has been shown to differ 
from all the forms of crown rust thus far found in North America as well as 
those found in Europe, except Puccinia coronifera {. sp. agropyri reported by 
Eriksson (7). However, since f. sp. agropyri was reported in the uredial stage, 
on Agropyron repens only, f. sp. secalis, which has been shown to have a wider 
uredial host range than any crown rust form thus far described, cannot be 
identified with f. sp. agropyri with any degree of certainty. Further, Eriksson 
made no mention of the spore color of f. sp. agropyri and it may, therefore, be 
assumed that it did not differ in urediospore color from the other forms he 
described. This is a further indication that f. sp. secalis is not identical with 
Eriksson’s f. sp. agropyri. 

None of the several forms of crown rust studied by Eriksson (7) in Sweden, 
by Klebahn (11) and by Straib (18, 19) in Germany, by Miihlethaler in 
Switzerland (13), by Jgrstad in Norway (9), by Plowright (16) and by Brown 
(2) in England, by Dietz (6) and by Fraser and Ledingham (8) in North 
America, has been reported to be pathogenic on varieties of rye or barley. It 
therefore seems improbable that any of these investigators isolated f. sp. 
secalis. 

However, observations on a crown rust in Europe, not identified as to form 
but causing heavy damage to cultivated rye, were made in 1924 in Woronesh, 
Russia, by Roussakow (17). He stated that, in that vear, crown rust caused 
greater damage to rye in the Kamennaja steppe area in Russia than either 
Puccinia graminis secalis Erikss. & Henn. or P. dispersa Erikss. & Henn., both 
of which were present in that area. Roussakow referred to this rust as 
Puccinia coronifera but did not identify it further. Jt is quite possible that 
the crown rust on rye observed by him is similar to, or identical with, the 
crown rust f. sp. secalis reported here. 
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STUDIES ON THE MECHANISM OF FUNGICIDAL ACTION OF 
DISODIUM ETHYLENE BISDITHIOCARBAMATE (NABAM)! 


R. A. Lupwic?, G. D. THorn’, AND D. M. MILLER? 


Abstract 


A crude aeration precipitate of nabam was found to possess a relatively high 
order of fungicidal activity. Evidence is presented to show that this activity 
can be attributed to ethylene thiuram monosulphide, both monomer and polymer. 
This substance was demonstrated on the foliage of plants sprayed with nabam 
and could account for its protective fungicidal action. 


Introduction 


Various members of the dithiocarbamate family have been assuming 
increasing importance as fungicides during the past 10 years. They are, to 
some extent at least, replacing the traditional coppers because of their lower 
phytotoxicity and greater effectiveness against certain diseases, notably the 
anthracnoses. One of the first members of the series to be produced com- 
mercially was disodium ethylene bisdithiocarbamate (1), or nabam (2, 3). 
Despite continued interest, much yet remains to be explained about this 
compound. It is, for example, highly water soluble yet spray deposits are 
often very resistant to weathering (1), and it is a good protectant fungicide 
yet has shown a number of unexplained failures (10). Recently renewed 
interest has been stimulated by its reported systemic effectiveness against the 
red stele disease of strawberry (8). 

It is generally agreed that the mechanism of action of nabam cannot be 
entirely explained by the activity of the nabam molecule itself. Parker- 
Rhodes in 1943 (6) suggested that the activity might be due to the liberation 
of carbon disulphide and ethylene diamine. His experimental evidence, 
however, showed that both these compounds had a rather low level of fungi- 
cidal activity. Barratt and Horsfall (1) suggested that the toxicity of nabam 
might be due to both the formation of hydrogen sulphide and the formation 
of an insoluble metallic bisdithiocarbamate. They present three hypothetical 
equations showing how hydrogen sulphide might be produced. Ethylene 
thiourea (II) was positively identified as a breakdown product. The formation 
of carbon disulphide was postulated but not identified experimentally. Neither 
of these compounds, however, showed sufficient activity to account for the 
behavior of nabam. 

Recently Rich and Horsfall (7) demonstrated the presence of an unidentified 
toxicant in the vapors above nabam solutions. The gaseous decomposition 
products of nabam were measured manometrically by Lopatecki (4). He 
showed that carbon disulphide and hydrogen sulphide were liberated from 

1 Manuscript received August 7, 1953. 
Contribution No. 21, Science Service Laboratory, Department of Agriculture, University 
Western Ontario Sub P.O., London, Ontario. 


2 Principal Plant Pathologist. 
3 Senior Chemist. 
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nabam at pH 5. At neutral pH, carbon disulphide was evolved, and some 
sulphate formed. Neither of these gases, however, is the volatile fungicide (7). 


Van der Kerk and Klépping (9) compared nabam and a number of selected 
compounds using an agar technique. They concluded that the fungicidal 
activity of nabam might be explained by the formation of ethylene diisothio- 
cyanate but presented no direct evidence of the occurrence of this compound 
in nabam solutions. 

The authors (5) presented a preliminary report on a yellow precipitate 
obtained by the aeration of dilute nabam solutions. This precipitate was 
shown to contain three fungicidal components; elemental sulphur, ethylene 
thiuram monosulphide (III), and a highly water-insoluble substance con- 
sidered to be polyethylene thiuram monosulphide (IV). The filtrate following 
aeration also possessed high fungicidal activity. This activity was directly 
related to their ethylene thiuram monosulphide content. The results reported 
in this paper represent a continuation and amplification of this work. 


The Fungicidal Activity of the Aeration Products of Nabam 


The fungicidal activities of the crude aeration precipitate of nabam (referred 
to hereafter by its code number G.D. 26), ethylene thiuram monosulphide 
(E.T.M.), and polyethylene thiuram monosulphide (poly E.T.M.) were 
compared. 


The E.T.M. used for this purpose was obtained by chloroform extraction 
of the mother liquor from the production of G.D. 26. The poly E.T.M. was 
obtained by evaporating a dilute nabam solution to dryness in a shallow tray. 
This method of preparation was found to yield samples varying in their relative 
proportions of E.T.M. and poly E.T.M. A sample with a high proportion 
of the poly E.T.M. was selected and extracted with both water and chloroform 
to remove residual nabam, ethylene thiourea, E.T.M., and sulphur. The 
resulting material possessed the empirical formula of E.T.M., but was too 
insoluble to permit determination of molecular weight by the usual methods. 


The results, obtained by means of the spore drop germination technique, 
using Sclerotinia fructicola as the test organism, are presented in Fig. 1. 
The regression line for the third component, namely, elemental sulphur, has 
been omitted since its activity range is at much higher concentration than that 
of the other materials and its fungicidal activity is well known. It is 
apparent from this figure that the behavior of G.D. 26 is more nearly akin 
to that of poly E.T.M. than it is to that of E.T.M. itself even though the latter 
is much more active. 


A Comparison of the Fungicidal Activities of the Nabam Aeration 
Precipitate and Its Components 


G.D. 26 and E.T.M. were compared under greenhouse conditions by a pea 
seed treatment method. For this purpose, a series of dust concentrations were 
prepared using talc asa diluent. Similarly diluted thiram and chloranil dusts 


q 
4 


4 
a 
ES 
O 
4 
e 
‘ 
. 
is 
> if 
d | 
| 
n i 
i 
4 j 
n 
al 
le 
n 
or 
le 
4 
yn 
le 
‘ | | 


50 CANADIAN JOURNAL OF BOTANY. VOL, 32 


' 


' 


ETM. 


50 j LO 


oF 4 8 20 24 
Dosage in ppm. 


Fic. 1. An in vitro comparison of the fungicidal activities of ethylene thiuram mono- 
sulphide (E.T.M.), polyethylene thiuram monosulphide (poly E.T.M.), and the crude 
aeration precipitate from nabam (G.D. 26). 


were also included. Lots of Perfection pea seed were treated at 3 oz. per bu., 
this representing an amount of dust slightly in excess of that which the seed 
would hold. Planting was done in quadruplicate in Pythium-infested sandy 
loam. The dust concentrations and percentages of emergence for a typical 
experiment are given in Table I. 

These results show thiram and chloranil to be definitely inferior to both 
G.D. 26 and E.T.M. under the conditions of this test. E.T.M. appears to be 
somewhat less effective than G.D. 26 at the lower dosages. 


TABLE I 


THE EFFECT OF TREATMENT ON THE PERCENTAGE EMERGENCE OF 
PEAS IN PYTHIUM-INFESTED SOIL 


| 
iv 
ETM. | Thiram Chloranil 
100 95 | 83 | 58 15 
50 69 67 | 53 14 
25 69 35 38 9 
12.5 56 23 20 3 
6.25 52 23 21 5 
3.12 33 8 


14 13 


Untreated control — 6%. 
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In another experiment, lots of 40 ripe sweet cherries were treated by dipping 
them in aqueous suspensions of G.D. 26 to which 1% methyl cellulose had 
been added asa sticker. Parallel lots of nabam-treated cherries were included 
for comparison. After drying, the lots of fruit were placed in moist chambers 
and sprayed with a heavy spore suspension of Sclerotinia fructicola. They 
were then held at room temperature in the closed moist chambers. Table II 
gives the percentages of rot that developed in eight days. Good control of 
brown rot was obtained with both G.D. 26 and nabam. The nabam-treated 
fruit, however, showed severe injury. This is reflected in the percentage of 
other rots developing. 


TABLE II 


THE EFFECT OF TREATMENT OF SWEET CHERRIES ON PERCENTAGE ROTTING 


| 
Percent Percent 
G.D. 26 5000 2.5 
2500 15.0 0.0 
1250 17.5 5.0 
625 12.5 12.5 
Nabam 5000 2.5 35.0 
2500 2.3 45.0 
1250 47.5 
625 7.5 | 15.0 
Control No treatment | 42.5 | 7.3 
Control Methyl cellulose treated | 35.0 | 7.5 


Similar results to these. reported for cherries were obtained in parallel 
experiments with both peaches and plums. Plate I illustrates the results of 
a typical peach treatment experiment. 


The Occurrence of Ethylene Thiuram Monosulphide and Polyethylene 
Thiuram Monosulphide on the Foliage of Nabam-sprayed Plants 


The results reported in the preceding section suggest that the fungicidal 
activity of nabam might be explained by its conversion to E.T.M. and poly 
E.T.M. An attempt was therefore made to demonstrate their presence on 
the foliage of nabam-sprayed plants. Six week-old Bonny Best tomato 
plants were sprayed to “run-off”? with a 2000 p.p.m. nabam solution and the 
foliage allowed to dry under greenhouse conditions. Leaf samples were taken 
at intervals, washed in distilled water, and the ultraviolet absorption of the 
wash water determined. Absorption was found at 280 my at both 4 and 
24 hr. after spraying. By 24 hr., the nabam absorption had been completely 
replaced by a single peak at 280 my, characteristic of E.T.M. 
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A yellow crystalline deposit was observed on the foliage of some of the 
nabam-sprayed plants. Under the microscope these crystals appeared similar 
to those of the poly E.T.M. 


The Carbon and Sulphur Balances in Aerated Nabam Solutions 


Preliminary experiments showed that the course of decomposition of nabam 
was affected by a variety of reaction conditions. Of these, solution concentra- 
tion appeared to be important. A series of small scale experiments was 
undertaken in an attempt to obtain detailed information on the relationship 
of solution concentration to course of breakdown. 

In these experiments, 800 ml. quantities of solution were vigorously aerated 
in 1000 ml. graduate cylinders until the reaction appeared to be complete. 
This usually required five days. At this time the solutions were filtered and 
the values for E.T.M. and ethylene thiourea (E.T.U.) in the filtrate were 
obtained by ultraviolet spectrometry of the filtrates. E.T.M. shows absorp- 
tion peaks at 280 mu, E;%,, = 1100, and at 225 mu, FE}, = 495. E.T.U. 
shows a single peak at 230 mu, E}2., = 1600. The residues were dried, 
weighed, and their total sulphur content determined by analysis. The values 
for the polymeric E.T.M. and elemental sulphur were obtained by solution of 
simultaneous equations, the assumption being made that the precipitates 
contained only three substances—sulphur, E.T.M., and polymeric E.T.M. 

The nabam concentrations used and the results obtained in a_ typical 
experiment are presented in Table IIL. 


TABLE III 


RESULTS OF AERATION OF NABAM SOLUTIONS! 


| Filtrate | Residue | E.T.M.2+ 


Nabam E.T.U.§+ 
| | S 

| 

0.98 0.60 0.37 0.02 | 0.69 0.99 

1.95 0.23 | 0.9% | 0.78 1.19 1.97 
| | 

2.93 0.39 | 1.66 | 0.84 2.30 2.89 
| | 

3.91 0.56 | 2.40 | 0.88 | 2.88 3.84 

4.88 0.73 | 3.18 0.96 | 3.53 | 4.87 


1 Figures are expressions of concentration in millimoles per liter. 
2 Ethylene thiuram monosulphide (monomer). 
3 Ethylene thiourea. 
4 Expressions of E.T.M. units, no attempt having been made to differentiate monomer from 
polymer. 
The carbon balance as shown in the table indicates that the assumption 
made for the calculations was justified. 
A calculation of the sulphur balance from these data leaves about 10% of 
the original sulphur of nabam unaccounted for. This “balance’’ was 
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calculated assuming that a mole of carbon disulphide was evolved for each 
mole of ethylene thiourea formed. Neither carbon disulphide nor hydrogen 


sulphide, however, was actually recovered in these experiments. 4 
Table IV shows the results of a more complete analysis of the aeration { 
products of 500 ml. of a 1000 p.p.m. nabam solution. ' 
TABLE IV 
CARBON AND SULPHUR BALANCE FOR THE AERATION oF 500 ML. j 
or A 1000 P.P.M. NABAM SOLUTION 
Milliatoms C Milliatoms 
E.T.U, | 1.38 | 4.14 1.38 
CS, 1.35 | 1.35 2.70 
H.S 0.04 | 0.04 
E.T.M. in filtrate 0.17 
E.T.M. in residue* 0.47) 2.56 
Ss | 0.94 0.94 
Total 8.05 6.98 
Original nabam 1.95 7.80 7.80 
* See footnote 4, Table ITI. q 


The expected equimolar amounts of E.T.U. and carbon disulphide were a 
obtained. The amount of hydrogen sulphide evolved does not account for 1 A 
the 10% discrepancy in sulphur again apparent in the results. It is possible 7” 
that this sulphur has been converted to inorganic sulphate, thiosulphate, or 
polysulphide though no positive evidence was obtained in this work to 
support this. 


Discussion 


The results reported in this paper might be explained on the basis of two 
main reactions. 


CH.——-CH: 
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These reactions appear to occur simultaneously, the general balance being 
governed by reaction conditions (pH, etc.). 

The formation of ethylene thiuram monosulphide (monomer and/or 
polymer) as a decomposition product of nabam explains why nabam, a highly 
water soluble chemical, functions as a protectant fungicide, since it possesses 
the required stability and water insolubility. It is difficult to conceive of 
isothiocyanate (Van der Kerk and Klépping (9) ) being sufficiently stable to 
be effective in this regard. 

Nabam failure might be explained by excessive formation of ethylene 
thiourea, as indicated in reaction A. The conditions that might lead to such 
failure are being investigated. 
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ASSOCIATED INHERITANCE OF REACTION TO RACES OF 
CROWN RUST, PUCCINIA CORONATA AVENAE ERIKSS., 
AND TO VICTORIA BLIGHT, HELMINTHOSPORIUM 
VICTORIAE M. AND M., IN OATS! 


By J. N. Wetsu’, B. PeETursoN’, AND J. E. MACHACEK‘ 


Abstract 


The oat variety Victoria has been shown by various investigators to be 
resistant to most races of crown rust but susceptible to a disease known as 
Victoria blight. This disease was observed for the first time in the United 
States in 1944 and in Canada in 1947. Susceptibility to this disease has been 
considered, by several workers, to be linked with the Victoria type of resistance 
to crownrust. The present investigations indicate that Victoria has more than 
one major gene for resistance to crown rust. These findings are based on data 
from a study of advanced generation selections of Victoria parentage and from 
inheritance studies involving varieties with the Victoria resistance to crown 
rust, such as Garry and R.L. 1987. Lines were obtained from Garry and from 
F; populations of different crosses with the following three types of disease 
reactions: (1) lines susceptible to Victoria blight and resistant to all crown rust 
races studied, namely, races 1, 2, 3, 4, 5, 6, 24, 34, 34A, 38, 45, and 57; (2) lines 
resistant to Victoria blight and susceptible to crown rust races 4, 5, 34A, and 57, 
but resistant to the other races; (3) lines resistant to Victoria blight and sus- 
ceptible to all races. Inheritance studies of three cresses, Garry X Exeter, 
Garry X Roxton, and Roxton X R.L. 1987, indicate that susceptibility to 
Victoria blight is dominant and governed by a single major gene; that resistance 
to races 4, 5, 34A, and 57 of crown rust is dominant and governed by a single 
major gene, but linked with susceptibility to Victoria blight; and that resistance 
to race 45, as well as races 1, 2, 3, 6, 24, 34, and 38, which appear to be similar 
to race 45 in inheritance, is conditioned by three dominant genes, one of which 
is associated with susceptibility to Victoria blight. 


Introduction 


Breeding for disease resistance is sometimes complicated by the sudden 
outbreak of an unforeseen disease, of which an example is Victoria blight of 
oats caused by the organism Helminthosporium victoriae. Victoria blight was 
observed for the first time in the United States in lowa in 1944 by Meehan 
and Murphy (3), and was observed for the first time in Eastern Canada in 
1947 by Hamilton and Broadfoot (1), and in Western Canada the same year 
by J. E. Machacek (unpublished data). It is caused by a soil-borne organism 
that appears to have been in the soil for a number of years, apparently causing 
little harm until varieties of Victoria parentage were grown. ‘The seriousness 
of the disease manifested itself under field conditions in the United States as 
early as 1945. The organism attacks oats only, and specifically the variety 
Victoria, and varieties and selections possessing the Victoria resistance to 
crown rust. As a result of its association with the variety Victoria, the 
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Contribution No. 170 from Cereal Division, Department of Agriculture, Canada. 
2 Senior Cerealist, Laboratory of Cereal Breeding, Winnipeg, Man. 
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organism was given the specific epithet victoriae. Victoria was used exten- 
sively in breeding for crown rust resistance in both the United States and 
Canada, and exclusively for several years at the Laboratory of Cereal Breed- 
ing, Winnipeg, Canada, for this purpose. 

The purpose of the present investigation was: (1) to determine whether the 
apparent linkage between the reactions to Victoria blight and crown rust 
involved all the rust races or only certain ones; (2) to determine the manner 
in which the reaction to Victoria blight and to the individual crown rust races 
is inherited; and (3) to explore the possibility of selecting from crosses of 
Victoria parentage, lines resistant to Victoria blight and to crown rust. 


Materials and Methods 


Materials 

The varieties used as parents in these studies, together with their seedling 
reaction to Victoria blight and 14 crown rust races, are shown in Table I. 
The ancestry of the varieties is as follows: Garry = (Victoria X R.L. 524) 
X Victory; R.L. 1987 = (Victoria K R.L. 524) & (Victory X Vanguard); 
Exeter = Victory X Rusota; and Roxton = (Siberian X Joanette) X 
(O.A.C. No. 72 & Early Ripe). The crosses studied were Garry X Exeter, 
Garry X Roxton, and Roxton X R.L. 1987. 

The reaction to a number of races was studied over a period of five years. 
The same races were not always available for testing each year; consequently, 
there is some lack of uniformity in those used in the different tests. However, 
as races 4 and 45 were utilized extensively for genetic purposes, the inoculum 
from the original test with these two races was retained for use throughout the 
several experiments. This was done by storing the inoculum of both races 
at 40° F. during the summer months. 

The new system of race identification which was adopted in 1951 was used 
as well as the older system of numbering. This was done to facilitate the 
identification of the races under both systems. It will be noted that certain 
races identified under the old system have been grouped under one number in 
the new system. (See footnote to Table I). 


Methods 

Experiments were conducted in the seedling stage in the greenhouse. 
Approximately 30 seeds were sown in 6-in. pots when testing the reaction of 
varieties or hybrid populations to either Victoria blight or crown rust. In 
tests for the reaction to Victoria blight, steam-sterilized oat hulls inoculated 
with a culture of the organism were planted along with the seed and covered 
with soil. The pots were well watered and the greenhouse kept at ordinary 
temperatures, approximately 70° F. in the daytime and as low as 60° F. during 
the night. This method proved to be very satisfactory. 

For the crown rust studies two types of incubation chambers were used. 
A small round chamber made of galvanized iron and provided with a glass 
top was employed when testing a relatively few lines to a number of races. 
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In the inheritance studies in which large populations were inoculated with a 
single race, the inoculation chamber consisted of a cotton covering supported 
on a wooden frame 6 ft. long, 32 in. wide, and 12 in. high. After inoculation 
the seedlings and the cotton covering were sprayed with water, the covering 
being kept moist during the day by frequent sprayings. The temperature 
was lowered immediately after inoculation, frequently dropping as low as 
50° F. during the night. The incubation period lasted from 16 to 20 hr. 
depending on the time the inoculations were completed, as the cotton covering 
was always removed the following morning. Excellent infections were 
obtained by both methods. 

In recording the reactions to Victoria blight, the lines were classed as 
resistant, segregating, or susceptible with the readings being based on both 
root and leaf infections. In recording the crown rust reactions, the symbols 
R, R-, and S were used. (R) represents a resistant type 1 pustule; (R-) 
represents a resistant type 2 pustule accompanied by a hypersensitive reaction 
in which the infected portion of the seedling takes on a withered appearance; 
and (S) represents a susceptible type 4 pustule. 

Certain irregularities in the classification of the reaction to either Victoria 
blight or to any of the crown rust races occur and are considered to arise from 
the usual difficulties encountered in classifying disease reactions, such as: 
escaped infection, too few seedlings of a line inoculated, temperature effects, 
or genetic causes. 

In this paper the term ‘“‘family”’ is used to refer to a group of F: plants or F; 
lines derived from a single F; plant. 


Preliminary Investigation 


In 1947 and 1948 a large number of lines of Victoria parentage that carried 
from 5 to 20% crown rust infection under field conditions at Winnipeg were 
tested for their reaction to Victoria blight in the seedling stage in the green- 
house. These tests included 400 Garry lines and approximately 50 others 
from different crosses. Five of the Garry lines were resistant and a number 
gave a segregating reaction, from which 15 additional resistant lines were 
selected. Of the 50 other lines tested 20 were resistant. All these resistant 
lines were later inoculated with races 4 and 45 of crown rust. All were 
susceptible to race 4 and while some were susceptible-to race 45, the majority 
were resistant to this race. Those that were resistant to race 45 and a few 
that were susceptible to it were inoculated with races 1, 2, 3, 4, 5, 6, 34, 34A, 
38, and 57. All the lines resistant to race 45 were susceptible to races 4, 5, 
34A, and 57 and resistant to the other races, while with a few exceptions, lines 
susceptible to race 45 were susceptible to all races. Selections from Garry 
with the above-mentioned types of reaction are shown in Table II. Selections 
were obtained that were susceptible to Victoria blight and resistant to all the 
races, others that were resistant to Victoria blight and susceptible to a few 
races but resistant to a number of others, and still others that were resistant 
to Victoria blight and susceptible to all races. As Garry obtained its crown 
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rust resistance from Victoria these investigations indicate that Victoria had 
in its genotype more than one major gene for crown rust resistance and that 
not all of them were linked with susceptibility to Victoria blight. 


Relation Between Reaction to Victoria Blight and Reaction 
to Races of Crown Rust 


To study more fully the relation between the reaction to Victoria blight and 
to the several crown rust races as well as to determine the manner of inherit- 
ance of the reactions, tests were made in the greenhouse with the following 
three crosses, Garry X Exeter, Garry X Roxton, and Roxton  R.L. 1987. 
For this purpose F; and F; random populations of the above crosses were 
inoculated in the seedling stage with Victoria blight and races 4 and 45 of 
crown rust. Later a number of lines from each cross, selected on the basis 
of their reaction to Victoria blight and the two races of crown rust, were 
inoculated with a number of other races. The purpose of the latter test was 
to compare the reactions to these races with those to races 4 and 45, 


Tests with Race 4 

Two homozygous classes were recorded for the reaction to race 4, resistant 
(R-) and susceptible (S). The data recorded in Table II] show that no lines 
were recovered that were resistant to both diseases or susceptible to both 
diseases. In a few cases lines that were either resistant or susceptible to 
Victoria blight gave a segregating reaction to race 4, and with few exceptions 


TABLE III 


RELATION BETWEEN THE SEEDLING REACTION OF F3 LINES TO VICTORIA BLIGHT AND 
TO RACE 4 OF CROWN RUST FOR THREE CROSSES 


Reaction of lines to race 4 
Coo | Total lines 
R- | Seg | S 
Garry X Exeter R 92 93 
Seg — 240 7 247 
> 82 15 = 97 
Total lines 82 256 99 437 
Garry X Roxton R 84 84 
Seg 3 213 2 218 
S 86 4 — 90 
Total lines 89 217 86 392 
Roxton X R.L. 1987 R —- 1 42 43 
Seg 5 107 1 113 
S 48 2 50 
Total lines | 53 110 43 206 
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which may have resulted from difficulties of classification, all lines that gave 
a segregating reaction to one disease gave a similar reaction to the other. 
The association between the reaction to this race and to Victoria blight is so 
obvious that a x? test for independence is unnecessary. The close association 
between reaction to race 4 and reaction to Victoria blight could be due to 
closely linked genes or to a gene with pleiotropic effects. 


Tests with Race 45 


Three homozygous classes were observed for the reaction to race 45: 
resistant (R), resistant (R-), and susceptible (S)._ There was an association 
between the reaction to this race and Victoria blight but not to the same 
degree as with the reaction to race 4. The data given in Table 1V show first 
that in all three crosses lines that are resistant to Victoria blight may be 
either resistant (R) or susceptible (S) to race 45, indicating an independent 
reaction. Secondly, lines classed as (R-), or segregating lines in which 
seedlings with this type of resistance are present, usually give a segregating 
or susceptible reaction to Victoria blight, rarely a resistant one. These 
results indicate that there is a gene for the (R) type of resistance that is 
independent of the reaction to Victoria blight, and a gene for the (R-) type 
of resistance that is at least partially linked with susceptibility to Victoria 
blight. A x? test for independence gave a P value much smaller than .01 for 
each of the three crosses, indicating an association between the reaction to 
race 45 and to Victoria blight. 


TABLE IV 


RELATION BETWEEN THE SEEDLING REACTION OF F3 LINES TO VICTORIA BLIGHT AND 
TO RACE 45 OF CROWN RUST FOR THREE CROSSES 


sais Reaction of lines to | Reaction of lines to race 45 __| Total 
Victoria blight | R | R-| R,R- | R-,S |R,R-S|_R,S | S lines 
Garry X Exeter R | 26 | 1); — 9 | 19 93 
Seg }o0|—| — | 29 | 44 | 102/14] 249 
S | 20 28 | 2 97 
| 
Total lines 118 | 66 | 175 | 35 439 
| | 
Garry X Roxton R 20 1 | 44 | 19 &4 
Seg 52;—/; 3 ]{ 9 21 | 104 | 26 215 
Ss 37 | 6 | 4 2 4 | 890 
Total lines | 6 | 7 | 11 | 26 | 181 | 48] 388 
| 
Roxton X R.L. 1987 R uj—|—]|4 1 2|10| 43 
Seg 27/ 6 | 14 | 30 | 31] 6] 115 
> 18 4 | 4 | 6 is | 3);— 48 
Total lines 56| 5 | 10 | a1 | 44 | 54/16] 206 
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Tests with All Races 

A number of lines from each cross, selected on the baSis of their reaction to 
Victoria blight and to races 4 and 45 of crown rust were inoculated with 
races 1, 2, 3, 4, 5, 6, 24, 34, 34A, 38, 45, and 57 of crown rust. The data 
are given in Table V. In general, lines resistant to Victoria blight were 
susceptible to races 4, 5, 34A, and 57, and lines susceptible to this disease 
were resistant to this group of races, while lines that gave a segregating reaction 
to Victoria blight usually gave a segregating reaction to these races. It would 


TABLE V 


REACTION OF F3 LINES OF THREE CROSSES TO VICTORIA BLIGHT 
AND TO 12 RACES OF CROWN REST 


Races of crown rust — new race identification numbers in brackets 
Parents |Reaction to 
and Fs | Victoria 4 5 | 34A | 57 | 1 | 2 3 | 6 24 34 | 38 45 
Lines blight (238) | (238) | (211) | (202) (237) | (239) | (240) | (237) | (240) | (201) | (239) | (202) 
| | | 
Garry X Exeter 
Garry Ss R R R R R R R R R R R R 
Exeter R Ss Ss Ss Ss Ss Ss Ss | Ss Ss Ss Ss 
| 
79 R Ss Ss Ss Ss Ss Ss Ss Ss Ss Ss Ss 
132 R Ss Ss Ss Ss R R R R R R R R 
143 R Ss Ss Ss Ss Seg Seg Seg Seg Seg Seg Seg Seg 
195 R Ss i) S Ss Seg R Seg Seg R R R R 
35 Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg 
196 Seg Ss s Ss Ss Seg Seg Seg Seg Seg Seg Seg Seg 
128 Ss R R R R Seg Seg Seg Seg Seg Seg | Seg Seg 
178 Ss R R R R Seg R R R Seg Seg Seg R 
79 Ss R R R R R R R R R R R R 
Garry X Roxton 
Garry Ss R R R R R R R R | R R R R 
Roxton R Ss Ss Ss R R R R Ss R Ss 
307 R Ss Ss Ss Ss R R R R R R R R 
325 R Ss Ss Ss Ss R R R R R R R R 
344 R Ss SS) Ss Ss Seg Seg Seg Seg Seg Seg Seg Seg 
265 Ss R R R R R R R R R R R R 
304 Ss R R R R R Seg R R R R R R 
336 Ss R R R R R R R R R R R R 
Roxton X R.L. 1987 
Roxton R Ss Ss Ss Ss R R R R Ss R Ss 
R.L. 1987 Ss R R R R R R R R R R R R 
6 R Ss Ss R R R R Seg Seg 
10 Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg 
48 Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg Seg 
30 Ss R R R R R R R R R R R 
85 Sy R R R R R R R R R R R R 
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Fig. 2 


Fic. 1. Seedling reaction of F; lines to Victoria blight, susceptible (left) and resistant 
(right). Fic. 2. Seedling reactions of F; lines to races 45 and 4 of crown rust. Reactions 
to race 45: left (R); center (R-); right (S). Reactions to race 4: similar to the (R-) and 
(S) reactions shown for race 45. 
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appear, therefore, that races 5, 34A, and 57 are similar to race 4 in their 
relation to Victoria blight. The other races tested, 1, 2, 3, 6, 24, 34, 38, and 
45, also reacted as a group. Therefore, races 1, 2, 3, 6, 24, 34, and 38 are 
considered to be similar to race 45 in their relation to Victoria blight. Lines 
resistant to Victoria blight gave either a resistant, a segregating, or a sus- 
ceptible reaction to this group of races, while, for the most part, lines that 
gave a segregating or susceptible reaction to Victoria blight, gave similar 
reactions to these crown rust races. The few variations in reaction that occur 


may be due to genetic causes, or to the difficulties of classification previously 
mentioned. 


Inheritance of Reaction to Victoria Blight 


In this study the F, seedlings were susceptible and the F; lines classed as 
resistant, segregating, and susceptible. The disease classes which were based 
on both root and leaf infections were readily distinguishable, although errors 
in classification probably resulted from the presence of seedlings that escaped 
infection. However, the close relationship between the reaction of the lines to 
this disease and to race 4 (Table III) indicate that the classifications were 
fairly accurate. A resistant and a susceptible line are shown in Fig. 1. 


The reaction classes and P values for 1 : 3 and 1: 2:1 ratios are given in 
Table VI for the three crosses. For the Roxton X R.L. 1987 cross, P values 
of .20 and .30 for 1:3 and 1:2 :1 ratios, respectively, are evidence that a 
single gene is operative. On the other hand, the lower P values of .05 and .02 
for the Garry X Exeter cross and .10 and .05 for the Garry & Roxton cross 
are only indicative of a single factor hypothesis. This results from the fact 
that in each of these two crosses one family out of six tested produced an 
irregular ratio. In the particular family of the Garry X Exeter cross, 22 
lines were classed as resistant, 70 as segregating, and 14 as susceptible, with 
P values of .30 and .01 for 1:3 and 1: 2:1 ratios, respectively. For the 
particular family in the Garry X Roxton cross 15 lines were classed as resistant, 
54 as segregating, and 27 as susceptible. The P values were .02 for the 1 :3 
ratio and .10 fora 1:2:1ratio. When these two above-mentioned families 


TABLE VI 


INHERITANCE OF SEEDLING REACTION OF F3 LINES OF THREE CROSSES TO VICTORIA BLIGHT 
AND THE FIT TO 1:3 AND 1:2:1 RATIOS 


| Reaction classes Total Ratios and P values 
Cross 
| Seg s | lines 1:3 1:2:1 
Garry X Exeter 93 | 247 97 437 .05 .02 
Garry X Roxton 84 =| 218 90 392 .10 .05 
Roxton X R.L. 1987 43 113 50 206 .20 .30 
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were eliminated from the calculations much better fits were obtained to the 
two ratios as shown by P values of not less than .10 and as high as .99, 

The data strongly suggest that susceptibility to Victoria blight is dominant 
and that a single gene is responsible for the inheritance. The results are in 
agreement with those of Murphy and Meehan (4) and Litzenberger (2). 


Inheritance of Reaction to Race 4 


In the tests with race 4 the rust classes were difficult to define at times, 
and even the resistant parent, Garry, varied in its reaction throughout the 
several tests. According to Peturson (5) the reaction to this race is affected 
by temperature. Two homozygous rust classes were observed, resistant (R-) 
and susceptible (S). This resistant reaction which is typical of that for 
Victoria to race 4 is shown in Fig. 2. 

The rust classes and P values for 3 : 1 and 1 : 2:1 ratios are given for the 
three crosses in Table VII. Resistance to this race is dominant and apart 
from the poor fit to a 1: 2:1 ratio in the Garry X Exeter cross (P = .01) 
there is in general a satisfactory agreement with the single factor hypothesis. 

The same two families that failed to conform satisfactorily with the single 
factor hypothesis to Victoria blight also failed to conform to this hypothesis 
when inoculated with race 4. Their adverse influence, however, was less 
noticeable with this race. 


TABLE VII 


INHERITANCE OF SEEDLING REACTION OF F3 LINES OF THREE CROSSES TO RACE 4 OF CROWN 
RUST AND THE FIT TO 3:1 AND 1:21 RATIOS 


rae Rust reaction classes Total _ Ratios and P values 

R Seg S 3:1 | 1:2:1 

Garry X Exeter 82 256 99 437 .30 < Ol 
Garry X Roxton 89 217 86 392 20 .10 
Roxton X R.L. 1987 53 110 43 206 .20 50 


Inheritance of Reaction to Race 45 


Three types of reaction to race 45 were observed, as shown in Fig. 2, two 
resistant (R) and (R-), and one susceptible (S). Although the two resistant 
classes were easily distinguished in the seedling stage, the (R-) class was 
equally as resistant as the (R) class to race 45 in the adult stage. The F; 
seedlings were of the resistant (R) class as were the majority of the F; lines as 
shown in Table IV. For inheritance studies the F; lines were grouped as 
follows: resistant (R), (R-), (R,R-); segregating (R-,S), (R,R-,S), (R,S); 
and susceptible (S). 
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TABLE VIII 


INHERITANCE OF SEEDLING REACTION TO RACE 45 OF CROWN RUST OF F3; LINES OF THREE 
CROSSES AND THE GOODNESS OF FIT TO A 19:38:7 RATIO 


Ratio Rust class | Observed | Calculated x? P values 
Garry X Exeter 
19 R 223 214.34 — — 
38 Seg 429 428.69 
7 S 70 | 78.97 1.36 .50 
Garry X Roxton 
19 R 122 115.19 — -— 
38 Seg 218 230.38 — — 
7 S 48 42.43 1.80 .50 
Roxton X R.L. 1987 
19 R 71 61.16 -- -- 
38 Seg 119 122.31 — -- 
7 S 16 22.53 3.57 .20 


TABLE IX 


FACTORIAL ANALYSIS* AND F3; BREEDING BEHAVIOR IN THE SEEDLING STAGE TO RACE 45 OF 
CROWN RUST AND TO VICTORIA BLIGHT FOR THE GARRY X EXETER, 
GARRY X RoxtTon, AND ROxTON X R.L. 1987 CROSSES 


F; breeding behavior 
F, genotype 
Race 45 of crown rust Victoria blight 

1 AA BB CC R S 
2 AA BB Cc R Seg 
1 AA BB cc R R 
2 AA Bb CC R S 
4 AA Bb Cc R Seg 
2 AA Bb cc R R 
1 AA bb CC R S 
2 AA bb Cc R Seg 
1 AA bb cc R R 
2 Aa BB CC Seg RS S 
4 Aa BB Cc Seg R,S Seg 
2 Aa BB cc Seg . RS R 
4 Aa Bb CC Seg R,R-,S Ss 
8 Aa Bb Ce Seg R,R-,S Seg 
4 Aa Bb cc Seg R,S R 
2 Aa bb CC R,R- Ss 
4 Aa bb Cc Seg R,R-,S Seg 
2 Aa bb cc Seg R,S R 
1 aa BB CC S 
2 aa BB Cc S Seg 
1 aa BB cc Ss 

2 aa Bb CC Seg R-,S S 
4 aa Bb Cc Seg R-,S Seg 
2 aa Bb cc S R 
laa bb CC R- S 
2aa bb Cc Seg R-,S Seg 
1 aa bb cc 


* “A” is a strong gene for resistance (R); “B” is a gene for susceptibility; and “‘C” is @ 
weak gene for resistance (R-) which ts linked with susceptibility to Victoria blight. “‘A”’ is epis- 
tatic to is epistatic to ‘‘C"’; and “‘a”’ is epistatic to ‘“b”’. 
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The data of Table VIII show that resistance to race 45 is dominant, but 
the type of resistance differs from that to race 4. Satisfactory fits as shown 
in the table were obtained to a 19: 38:7 ratio. The results are explained on 
the basis of three genes A, B, and C carried by Garry and R.L. 1987, the two 
resistant parents, where A is a gene for strong resistance of the (R) or 1 type 
of pustule, B is a gene for susceptibility, and C a gene for the (R-) or hyper- 
sensitive reaction that is linked with susceptibility to Victoria blight. A is 
epistatic to B, and B is epistatic to C. The factorial analysis is given in 
Table IX. 


Inheritance of Reaction to Other Races 


A number of F; lines selected on the basis of their reaction to Victoria blight 
and to races 4 and 45 of crown rust, as previously mentioned, were inoculated 
with 12 races as shown in Table V. It was demonstrated that lines resistant 
to Victoria blight and susceptible to race 4 of crown rust were also susceptible 
to races 5, 34A, and 57. It is assumed, therefore, that the gene that governs 
the reaction to race 4 also governs the reaction to these races. Likewise it 
was shown that lines giving either a resistant, segregating, or susceptible 
reaction to race 45, in general, gave similar reactions to races 1, 2, 3, 6, 24, 34, 
and 38. From these results it is assumed that the three genes that govern 
the reaction to race 45 also govern the reaction to these six races. 


Crown Rust Reaction of Recently Distributed Victoria Derivatives 


It has been shown that it is possible to obtain selections resistant to Victoria 
blight that are resistant to certain crown rust races. Four varieties with the 
above type of resistance, namely, Rodney, Garry (reselected), Branch, and 
Mo-0-205, were recently released for distribution. Rodney and Garry were 
developed at the Laboratory of Cereal Breeding, Winnipeg, Branch at the 
University of Wisconsin, and Mo-0-205 at the University of Missouri. It is 
interesting to note (Table X) that these four varieties, selected independently 
from different crosses of Victoria parentage, were resistant to 15 of the 18 
races of crown rust that were identified in 1952. Races 4 and 5 were not 
available for this study because they were not recovered from the 1952 rust 
survey. The reactions of Rodney and Garry to races 4 and 5 given in Table X 
are derived from previous tests. These varieties gave identical reactions to 
both races and it is assumed, on the basis of the similarity in reaction of all 
four varieties to the other 18 races, that both Branch and Mo-0-205 would 
give the same reactions to races 4 and 5 as Rodney and Garry. These four 
commercial varieties, resistant to Victoria blight, are evidently resistant to a 
large group of crown rust races but susceptible to races 3A, 4, 5, 34A, and 57, 
this suceptibility being closely associated with resistance to Victoria blight. 

Under field conditions at Winnipeg, in which the artificially induced 
epidemic consisted of all available races, Branch, Garry, and Rodney usually 
carried from 15 to 25% infection, depending on the year, as compared with 
10% for Clintafe and 85% for Clinton. Mo-0-205 was not available for testing. 
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Discussion 


Earlier investigations by other workers indicated that the linkage between 
susceptibility to Victoria blight and resistance to crown rust involved all the 
races to which the variety Victoria is resistant. The present investigation 
indicates that Victoria has more than one major gene for resistance to crown 
rust. This conclusion is based on the fact that Garry, which derived its 
resistance from Victoria, has at least two major genes for crown rust resistance. 
The fact that more than one gene governs the reaction to crown rust in 
varieties of Victoria parentage is substantiated by the findings of Poehlman 
and Kingsolver (6) but does not agree with those of Murphy and Meehan (4). 
Poehlman and Kingsolver (6) selected lines, from a cross of Victoria parentage, 
that were resistant to Victoria blight and to races 1 and 45 of crown rust, the 
only two races to which they were tested. The races 1 and 45 used by 
Poehlman and Kingsolver appear to be similar in pathogenicity to the ones 
used in the present investigations. Murphy and Meehan, on the other hand, 
report a complete linkage between ‘susceptibility to Victoria blight and 
resistance to crown rust. This is probably the result of more rigid selection 
for crown rust resistance by Murphy and Meehan, as it has been shown that 
varieties possessing the complete Victoria resistance to crown rust are 
susceptible to Victoria blight, whereas those that lack this complete resistance 
(Table X) are resistant to Victoria blight. 

Inheritance studies indicate that resistance to races 4, 5, 34A, and 57 is 
dominant and is linked with susceptibility to Victoria blight. The same gene 
could be responsible for the reaction to both diseases and was considered by 
Litzenberger (2) to be so for the races he used. The resistance to race 45, 
and to races 1, 2, 3, 6, 24, 34, and 38, which appear to be associated with 
race 45 in inheritance, is also dominant, but the reaction was found to be 
governed by three genes. This result differs from that of Litzenberger (2) 
and Weetman (7) who found the reaction to race 45 to be simply inherited in 
the crosses that they studied. 
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YELLOW LAMINATED ROOT ROT OF DOUGLAS FIR! 
By D. C. BuCKLAND?, A. C. MOLNAR’, AND G. W. WALLIs‘ 


Abstract 


Yellow laminated root rot occurs in most native conifers throughout the range 
of Douglas fir in British Columbia. The cause of this disease has been ascribed 
to a variety of Porta weirti Murr., or a species of Poria distinct from P. weirit. 
The fungus grows from infected to healthy roots through physiologically weak- 
ened contacting points or fusions, and the disease is most prevalent in Douglas 
fir because of the common occ urrence of root fusion in this species. Douglas fir 
is suse eptible at any age over six years but individual trees show marked differ- 
ences in their resistance to killing by the disease. The symptom picture varies 
greatly between infected trees and is directly related to the resistance shown by 
the individual host. Inoculum may remain viable for over 50 years in stumps 
and roots. The fungus does not appear to spread through the soil nor does it 
appear to be able to penetrate healthy bark tissue. Although the control of this 
disease is currently important in many localized areas, several characteristics 
in the behavior of the causal fungus indicate that it will become more important 
as management of second growth Douglas fir forests becomes more intensive. 


Introduction 


Yellow laminated root rot was first observed at the Forest Experiment 
Station, Lake Cowichan, Vancouver Island (Fig. 1 : /*) in 1929, and has since 
been found to be prevalent throughout the commercial range of Douglas fir 
(Pseudotsuga taxifolia (Poir.) Britt.) in British Columbia. Mounce, Bier, 
and Nobles (7) described the disease and the causal fungus in 1940, Bier 
and Buckland (1) described damage caused by the disease in 1947, and 
Buchanan (3) reported on its occurrence in 1948. 

The distribution of the disease and the nature of its spread through 
established plots were studied between 1939 and 1950. This paper summarizes 
the results of these studies and other field observations. 


Cause of the Disease 


Describing the fungus causing yellow laminated root rot of Douglas fir, 
Mounce, Bier, and Nobles (7) stated: ‘Although differing somewhat from 
Poria weirii Murr. as it is found on western red cedar (Thuja plicata D. Don.), 
fungus would seem to be that species or a form of it occurring on Douglas fir.”’ 
The present investigations indicate that the fungus causing yellow laminated 
root rot of Douglas fir is a variety of P. weirii or a species of Poria distinct 
from P. weirii. 


1 Manuscript received September 17, 1952. 
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Research Assistant, University of British Columbia. 

* Agricultural Research Officer, Division of Forest Biology, Science Service, Victoria, B.C. 


* Numbers in italics refer to localities marked on the distribution map, Fig. 1. 


| 
the i 
ion 
wn 
its 
ice. 
in = 
nan 
(4). 
ge, 
the 
by 
; 


70 CANADIAN JOURNAL OF BOTANY. VOL, 32 


A comparison was made between 75 isolates from yellow laminated root rot 
of Douglas fir (A) and 35 from yellow ring rot of western red cedar (B), grown 
for two weeks at room temperature on 2% Difco malt agar. Cultures from 
A varied noticeably in shades of brown, commonly with cream to cinnamon 
tones, while cultures from B were uniformly brown, with yellow or tawny 
tones. The margin of the advancing zone of cultures from A was raised, and 
the mat felty with white aerial hyphae, while the margin of the advancing 
zone of cultures from B was appressed, and the mat cottony with yellow to 
tan aerial hyphae. 

When isolates from A and B were grown separately in paired cultures they 
showed no signs of antagonism, but when grown together they developed an 
antagonistic zone line. 

Cultures from A rarely attack blocks of western red cedar inoculated in 
vitro, but cover Douglas fir blocks quite rapidly with mycelium, advancing 
with an even, raised white margin. The mat produced is creamy brown, 
thick, and felty, and will often develop large chocolate-brown crusts upon its 
surface. These resemble initial sporophore formation, but do not develop to 
the fruiting stage. Inoculation of similar blocks with cultures from B results 
in growth on beth species of wood, although rather more luxuriantly upon the 
Douglas fir. Each block is rapidly covered with long feathery extensions of 
the thin, cottony, yellow-brown mat. 

A macroscopic comparison was made between 85 sporophores associated 
with A and 42 sporophores associated with B. The sporophores of A (Fig. 2) 
were Sudan brown (10) with tones of cinnamon, pink, and purple, and, at 
maturity, frequently had a rough coarse surface. These fruit-bodies are 
annual, occasionally with a second layer of tubes arising from the. substrate 
and forming on the surface of small sections of the old sporophore. The 
sporophores of B (Fig. 3), on the other hand, are more uniformly colored, 
being Sudan brown (10) with yellow to tawny tones. The mature sporophore 
has a finely textured smooth surface. In particular variance with the sporo- 
phores of A, those of B are perennial, commonly forming uniform tube layers 
for six or more years. Because of this and the other macroscopic differences, 
the fungus causing yellow laminated root rot of Douglas fir will be referred 
to as “annual” P. weirii, and that causing yellow ring rot of western red cedar 
as “perennial” P. weirit throughout this paper. 


Distribution and Hosts of the Disease 


In British Columbia “annual” P. weirii has been isolated from Douglas fir 
throughout the range of that species in and west of the Coast Range (Fig. 1). 
Although isolates have been obtained from many areas in the Interior of the 
Province, insufficient data from this region are available to establish the 
extreme eastern and northern ranges of the disease. 

“Annual” P. weirit has been isolated from Douglas fir, western red cedar, 
western hemlock (Tsuga heterophylla (Raf.) (Sarg.), grand fir (Abies grandis 
(Dougl.) Lindl.), amabilis fir (Abies amabilis (Dougl.) Forb.), Sitka spruce 


. 
= 


BUCKLAND ET AL.: ROOT ROT OF DOUGLAS FIR 


REVELSTOKES-, 


CRANBROOK 
\ 


Fic. 1. The occurrence of yellow laminated root rot in Douglas fir in southern British 
Columbia. Each black dot represents one or more collections of the disease. 


(Picea sitchensis (Bong.) Carr.) western larch (Larix occidentalis Nutt.), 
western white pine (Pinus monticola Dougl.), and ponderosa pine (Pinus 
ponderosa Laws.). Apparently, if inoculum were present, ‘‘annual’’ P. weirit 
could attack any species of conifer under suitable conditions. On the other 
hand, “‘perennial’’ P. weirii has not been isolated from any coniferous host 
other than western red cedar. 


“Annual” P. weirii has rarely been isolated from hosts beyond the natural 
distribution of Douglas fir. The fungus was not recorded in studies of decay 
in hemlock, spruce, and true fir in the Upper Columbia Basin, the Queen 
Charlotte Islands, or the Prince George District. Isolates from western 
hemlock on the west coast of Vancouver Island (4) and the Upper Kitimat (2) 
have been obtained, but in the former case stands of Douglas fir were found 
on adjacent sites. 


Relation of the Host to the Disease 

Spread 

To ascertain the degree of spread of ‘‘annual’’ P. weirii through the soil, 
24 Douglas fir blocks, heavily infected with the fungus, were embedded in 
humus and mineral soil horizons. Excavation four months later yielded no 
cultures from the adjacent humus, soil, and wood debris. In fact, no isolations 
could be made of ‘‘annual’”’ P. weirii from the inoculation blocks as they had 
been invaded by secondary soil organisms. In glass tubes containing sterilized 
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forest duff or mineral soil, however, the fungus grew rapidly, extending 23.4 
cm. into the duff and 17.3 cm. into the mineral soil by the end of eight weeks. 
In the forest duff the mycelium completely permeated the soil, while in the 
mineral soil the mycelium was sparse. These data, while qualified by differ- 
ences in environment, indicate that soil organisms have an antagonistic or 
suppressive action upon ‘‘annual’’ P. weirii, and prevent or greatly impede 
its spread through the soil under natural conditions. 

Inoculations with wood chips or agar permeated with “annual” P. weirit 
failed to produce infection in living trees. Garrett (6) and Rishbeth (9) 
indicate the same lack of success using a similar type of inoculum with other 
root diseases. In only two cases of 36 was infection induced in mechanically 
injured Douglas fir roots by direct transmission from large, heavily-permeated 
wood blocks. 

Because of the failure of artificial inoculations and because of the strongly 
suppressive action of soil organisms upon ‘“‘annual”’ P. weirii, studies were 
made of natural infection through root fusions and at root contacts under 
chronic physiological duress. These contacts may act as initial infection 
courts when the root comes into contact with another root either living 
(Fig. 19), or dead (Fig. 14), which contains viable inoculum. As evidenced 
by a large number of excavated roots (Figs. 16, 18, 19, and 20), the principal 
mode of transmission is through root fusion which forms a direct passage 
for the fungus. One excavation in a 35-year-old plot disclosed 15 Douglas 
fir trees fused and diseased in a single series. 

Since the site and age of a stand determine the amount of root fusion which 
will occur, these two factors are of prime importance in the spread of the 
disease. The most rapid spread and heaviest damage will usually be observed 
in stands 20- to 60-years-old in good, well-stocked, sites, where the number of 
major root contacts are ata maximum. In younger stands, root contacts are 
not so numerous, since the root systems are not extensive. Stands established 
on sites with deep dry soils also show little spread, since the roots are small and 
fibrous and grow downward, minimizing the number of contacts made with 
adjacent trees. In older stands, natural thinning has reduced the number of 
root contacts and the fungus must travel farther between trees. 

Observations in Douglas fir forests indicate that a site or soil capable of 
supporting satisfactory growth in young stands may support only poor growth 
as the stand ages. This may be caused by the shallowness of the organic 
layer in the soil, the close proximity of impervious layers or stone masses, or 
changes or fluctuations in the water table (5). Although the resultant early 
decline in vigor is reportedly associated with high incidence of root diseases (5), 
it is not usually associated with yellow laminated root rot. Sites severely 
affected with this disease are those which necessitate or stimulate the produc- 
tion of shallow, radiating, frequently contacting, root systems. This is 
demonstrated by studies on the following four areas. 

In two of these areas (Fig. 1:1 and 6), the disease was very severe. A 
study of unaffected trees indicated continuous and rapid growth, somewhat 
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stimulated by the effects of the thinning caused by the disease. In a third 
area (Fig. 1:2), early growth of the stand had been good to approximately 
age 60. Beyond this age, growth had passed a peak and the trees were 
reaching early maturity. An examination indicated that the soil was shallow, 
overlying heavy gravel with the root systems of the trees spread close to the 
surface. Beyond age 60 the site was unable to support vigorous growth and 
definite decline in vigor ensued. The root rot fungus had spread over approxi- 
mately three acres, and at age 80, 34% of the stand had fallen following attack 
by the fungus and 40% of the standing trees were infected (11). In another 
area (Fig. 1 : 8 and 9) the soil was shallow and growth was never rapid. At 
an early age adjacent roots of the dense reproduction were frequently in 
contact and large centers of infection were present. Little or no stimulation 
of growth occurred in unaffected trees following thinning of the stand by the 
disease. The extensive spread of the disease in the two latter cases appeared 
to be influenced by the dense growth of shallow roots and numerous root 
contacts, and not by the dying back of roots due to adverse site conditions. 
Characteristically, the disease spreads radially from the source of inoculum. 
Centers of the disease may, therefore, be only a few square feet when there 
are few root contacts, or several acres in size when roots are in frequent contact. 
Fluctuations in the rate of spread of the disease can be attributed to the 
variation in the number of root contacts. This is exemplified by a study area 
(Fig. 1 : 1) where, in 1935 at age 30, there were 43 living trees and 2 dead from 
yellow laminated root rot; in 1940, 31 living, 8 dead from root rot, and 4 wind- 
thrown; in 1945, 26 living, and 5 dead from root rot; and, in 1950, 15 living, 
and 11 dead from root rot. In very young stands root contacts are few and 
the centers of infection appear to enlarge slowly. From approximately 20 to 
60 years of age the roots have become closely interwoven and the centers 
enlarge rapidly. Subsequent to this, the spread appears to slow down as 
natural thinning in the stand has reduced the number of root contacts and 
the fungus is checked or must travel greater distances before further infection 
occurs. Auxiliary conditions which will give rise to fluctuations in the spread 
will be high resistance to killing by the disease in individual trees, chain 
termination due to lack of root contacts, and secondary sources of inoculum. 


Susceptibility and Pathogenicity 

Under natural conditions, all Douglas fir over the age of six years appear 
to be equally susceptible to attack by this fungus. As “annual” P. weirti 
had not been isolated from any tree under six years of age in the field, 50 
three-year-old seedlings with damaged roots in contact with blocks of infected 
wood were grown in mineral or highly organic soil. The fungus could not be 
isolated from any of the seedlings after a minimum exposure of six months. 

Rishbeth (8), discussing the behavior of Fomes annosus Fr. on pines, points 
out that the fungus can infect a living root directly through normal healthy 
tissues. In no single case has “annual” P. weirit been observed growing 
freely on the root surface or penetrating healthy bark tissues. 
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As isolates which differed markedly in macroscopic appearance were 
obtained from different individual Douglas fir hosts, there. seemed to be a 
possibility that strains varying in virulence might exist in this fungus. Three 
root excavation studies demonstrated that the reaction of a tree to attack by 
the fungus is related to resistance to killing by the disease rather than to 
strains in the fungus. After the roots were uncovered, the progress of the 
fungus was traced from a source of inoculum through a series of fused and 
contacting roots. The form of attack, the symptoms produced, and the 
length of time from initial infection to death varied with each individual tree 
without relationship to the proximity of the original infection court (Fig. 19). 


Signs and Symptoms 


Sporophores of ‘‘annual” P. weirii on Douglas fir, western hemlock, and 
grand fir are typically crustlike, 1 to 2 ft. in length, occasionally up to 8 ft., 
and form on the underside of severely decayed logs on moist sites (Fig. 2). 
Occasionally small irregular sporophores, up to six inches long, may form in 
root crotches of dead and down trees. In shaded moist locations large crusts 
are also occasionally produced on the side of stumps with the surface raised in 
small mounds or ridges for the production of vertical tubes. Sporophores on 
standing living trees have only been observed in One region where they were 
produced on dead areas at the bases of severely decayed, over-mature Douglas 
fir (Fig. 1 : 4). 

Mounce, Bier, and Nobles (7) describe the symptoms of yellow laminated 
root rot in Douglas fir as follows: 

“The first indication of the presence of the disease is a retardation of 
growth..... This is usually accompanied by a ‘distress’ crop of cones, which 
are smaller than normal. An infected tree may show these signs, accompanied 
by a gradual thinning of the foliage, for a year or two before there is a browning 
of all the needles, signifying that the tree is dead. Because of the decayed 
roots these trees are subject to wind and snow damage and they are commonly 
found uprooted with the large roots broken off a short distance from the 
crown.” 

Detailed studies of 32 centers of infection and several hundred field observa- 
_ tions revealed, however, that these visible symptoms may be partially or 
entirely absent, directly dependent on the resistance of the individual to killing 
by the disease. 

Once the fungus is established in a host, varying symptoms are evident 
when the main roots are reached. The fungus appears to grow rapidly through 
the outer portion of the woody core in trees lacking resistance to killing by the 
disease (Fig. 17), and centrally in the woody core in trees showing resistance. 

Trees lacking resistance to killing by the disease may die within three years 
of initial infection and show definite symptoms of distress before the fungus 
reaches the root collar. Thin, yellowish foliage, less than one-quarter of 
normal terminal growth, and a heavy crop of small cones in the upper crown 
are usually followed the succeeding year by reddening of the needles and 
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PLATE I 


Signs and symptoms of yellow laminated root rot in Douglas fir 


Fic. 2. A young sporophore of the yellow laminated root rot fungus on the underside 
of the butt of a fallen Douglas fir. x } 

Fic. 3. A sporophore of Portia weirit on western red cedar sectioned to show the 
perennial tube layers. 

Fic. 4. A ‘distress’ crop of cones and retarded terminal growth on a 14-year-old 
Douglas fir signifying lack of resistance to killing by the root rot fungus. 

Fic. 5. “Root balls” of 30-year-old Douglas fir. These trees, when living, showed 
resistance to killing by the root rot fungus. 

Fic. 6. Advanced yellow laminated root rot in the butt and roots of a 35-year-old 
Douglas fir. Callusing of the tap and lateral roots and some adventitious root develop- 
ment have started. Resin impregnation of the wood adjacent to the decay column is 
indicated in the longitudinal sections. 

Fic. 7. A longitudinal section of the lower bole of a 45-year-old Douglas tir, The 
pathogen destroyed some roots and heartwood, then, through a change in host resistance, 
attacked the sapwood and immediately killed the tree. 
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PLATE II 


Damage to Douglas fir caused by yellow laminated root rot 


Fic 8. Western hemlock and western red cedar reproducing in an opening caused by 
the disease at Powell River. Much of this reproduction is infected. 

Fic. 9. Varying crown symptoms in a center of infection in a 35-year-old stand at 
Lake Cowichan. The trees are root-fused as indicated in Figs. 19 and 20. 

Fic. 10. A large center of infection in a 45-year-old stand at Sproat Lake. ‘‘Distress’’ 
crops of cones may be seen on the dead trees, thinning of the foliage, and other symptoms 
on the living trees. Few trees in this area manifested appreciable resistance to the 
disease. 

Fic. 11. An 80-year-old stand at Skutz Falls heavily damaged by wind-throw following 
attack by the disease. 

Fic. 12. Yellow laminated root rot in the butt of a 280-vear-old Douglas fir. The 
causal fungus is fruiting on the lower right of the decay cavity. 

Fic. 13. Coarse, medium, and tine hyphae of the fungus in incipient yellow laminated 
root rot in Douglas fir. x 400 
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death of the tree (Figs. 4, 9, and 10). There is no formation of callus tissue 
or adventitious roots, as the disease spreads too rapidly for healing or com- 
pensation to occur. Small ovals of incipient decay, water-soaked in appear- 
ance, are commonly observed in the sapwood on the surface of the stump six 
inches above the ground, although death may occur before this symptom is 
exhibited. Examination of the lower bole and excavated roots at the time of 
death reveals that the tree was killed by the growth of the fungus through the 
sapwood (Fig. 7), the fungus occasionally having entered through only 
one root. 

On the other extreme, however, trees showing resistance to killing by the 
disease usually exhibit no visible distress symptoms, as the destruction of the 
main roots is compensated for by production of callus tissue and sufficient 
adventitious roots (Figs. 6 and 15) to maintain normal vigor. These rtees 
will maintain normal growth throughout the life of the stand when they are 
given sufficient protection from wind and snow. If the surrounding stand is 
removed, however, the tree will fall, exposing a ‘‘ball’’ of roots, which have 
been decayed to within a short distance from the root collar (Fig. 5). 

The majority of trees infected with yellow laminated root rot exhibit 
symptoms directly in relation to the degree of encroachment by the fungus 
upon the sapwood. A light crop of cones (Fig. 9), not found on adjacent, 
unaffected trees, is produced when only small areas of sapwood are affected. 
When the fungus has encroached on the sapwood and interfered with the 
formation of callus tissue and adventitious roots by weakening the tree, dead 
callus tissue may commonly be found on a root with new callus growth closer 
to the root collar, or dead callus tissue may be found on one or more of the 
major roots with no callus growth on the remaining roots. An examination 
of the stump of a freshly felled tree in the early stages of the disease shows 
irregular areas of incipient decay (Fig. 20). These areas are commonly 
crescent-shaped and usually directly above the infected roots. They appear 
in the heartwood close to the sapwood, with small radiating tongues encroach- 
ing into the sapwood. 

In trees showing resistance to killing by the disease, the decay volume 
increases more slowly than the tree volume. These trees provide an important 
source of inoculum for the next rotation as the fungus has been found viable 
in stumps, large roots, and large blocks of wood for periods exceeding 50 years 
(Fig. 14). An examination of the lower bole and major roots of these trees 
reveals that the heartwood is resinous, with pronounced bands of resin- 
impregnated wood frequently encircling the decay (Fig. 6). This waterproof, 
resin-soaked wood prevents the fungus from being drowned, greatly impedes 
its growth, protects the wood from further saprophytic invasion, and provides 
a habitat that enables the pathogen to survive over extended periods of time. 
The resin is apparently neither a barrier nor a toxicant, however, as resin- 
impregnated wood is often found within the decay column. In trees lacking 
resistance to killing, the fungus spreads rapidly through the entire bole after 
the death of the tree. These trees may stand for 5 to 10 years and fall when 
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the bole breaks close to the ground. These trees are of little importance in 
providing a source of inoculum for future generations of the host as all portions 
of the tree are decayed by the fungus and other saprophytes, and no viable 
inoculum can be recovered within very few years. 

Drought or desiccation would appear to have little effect on the survival of 
inoculum as isolations of “‘annual’’ P. weirii were obtained from infected wood 
blocks stored for 18 months in a dry atmosphere. Studies of the fungal 
mycelium in decaying wood indicated that, in general, fine, medium, and 
coarse hyphae were present (Fig. 13). In dried blocks of infected wood, the 
fine hyphae had degenerated, but most of the medium and all of the coarse 
hyphae had retained their original form. 


Damage 


A study of the histories of several Douglas fir stands on the coast of British 
Columbia has revealed two facts concerning. past damage caused by yellow 
laminated root rot. First, “annual” P. weirii killed patches of trees during 
the early stages of development of currently overmature stands. Second, 
fire and clear-cut logging tended to hold in check the spread of the disease and 
the amount of damage in succeeding generations. : 

Groups or single trees of hemlock, cedar, and grand fir, 60 to 100 years 
younger than the average age of the surrounding old-growth Douglas fir 
stand, are frequently present in openings caused by ‘‘annual’’ P. weirii during 
stand development. ‘hese trees and the nearby Douglas fir are frequently 
infected with yellow laminated root rot. The losses caused by the early and 
recent activities of the pathogen may not be observed since the trees that 
filled in the openings have now grown to merchantable size. Little cull 
results where the decay is present in a harvested tree because the major loss 
is below stump height. Since young stands now under management are 


Spread of yellow laminated root rot in Douglas fir 


Fic. 14. A root of a 40-year-old Douglas fir on the left growing into a split in an old 
root of a 380-year-old Douglas fir felled 50 years ago on the right. The young tree has 
been infected through a pressure point on the root where it enters the old root directly 
below the axe. The cut on the old root shows viable inoculum. 

Fic. 15. Callusing of decayed roots and adventitious root development in a vigorous 
55-year-old Douglas fir following damage by the disease. 

Fic. 16. Vertical section through a suppressed Douglas fir fused to a dominant 
Douglas fir root. The suppressed tree was semi-parasitic as it retained only a tap root. 
It was killed by the fungus entering from the host root. 

Fic. 17. The disease entering a 35-year-old Douglas fir through fusion with an adjacent 
heavily-infected tree. 

Fic. 18. Early stage in the contact and fusion of roots from adjacent 35-year-old 
Douglas fir. The roots are one-quarter inch in diameter. 

Fic. 19. A series of infected root-fused 35-year-old Douglas fir. The symptoms of the 
disease shown were: tree in left background, dead, with light cone crop, decay encroaching 
on sapwood at stump level; tree in right background, living, yellow needles and heavy 
“‘distress’’ crop of cones, sapwood invaded but not to stump height; tree in left foreground, 
living and apparently healthy, decay entering two fused roots; and tree in right fore- 
ground, living and apparently healthy, ‘‘watersoaked” stain in central core of four roots. 

Fic. 20. A lateral root fused to the root collar of a second 35-year-old Douglas fir. 
No symptoms of distress were shown by either tree, although ‘‘watersoaked” stain to 
advanced decay was present in both. 
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normally harvested before the trees are 100 years of age, the hemlock, cedar, 
and grand fir filling in the openings caused by the disease will be of 
unmerchantable size (Fig. 8). 

When Douglas fir regenerates over extensive areas following large clear- 
cutting operations or severe fires, yellow laminated root rot usually occurs in 
scattered locations. When many old-growth trees are left, however, or 
regeneration follows the breakdown of an overmature stand through wind- 
throw, “‘annual’’ P. weiriit is often very destructive. The disease may, 
therefore, persist from one generation to the next with increasing importance 
(Fig. 1: 1, 4, and 5). 

Adverse effects on stand yields can be observed on many of the best growing 
sites for Douglas fir. Yellow laminated root rot was present, frequently 
causing severe damage, in all of the Douglas fir mensuration plots established 
by the British Columbia Forest Service in the coastal region of the Province. 
For example, a one-tenth-acre mensuration plot, established in a 30-year-old 
stand at Lake Cowichan (Fig. 1:1), contained a total of 1062.7 cu. ft. of 
Douglas fir in 1935, 958.8 cu. ft. in 1940, 1008.5 cu. ft. in 1945, and 768.5 
cu. ft. in 1950. Of the expected volume, 26.8% was lost from 1935 to 1940, 
13.1% from 1940 to 1945, and 34.1% from 1945 to 1950, or a loss of 58.0% 
from 1935 to 1950. Since a 72.2% increase in total cubic volume was recorded 
for those trees which survived over the 15-year period, the losses recorded 
above are very severe. 

On three plots established at Yale (Fig. 1:7), in 60-year-old Douglas fir, 
the basal area on each plot had been reduced by 0.8, 7.3, and 23.0% in the 
six-year period from 1935 to 1941 (1). Throughout the adjacent 20- to 
35-year-old stands, many centers of infection were observed. In a series of 
14 one-tenth-acre plots in 35-year-old Douglas fir near Sproat Lake (Fig. 
1 : 5), the basal area was reduced by 4.0%, only three of the plots showing any 
net gain from 1946 to 1950. Only 82.1% of the expected basal area of the 
dominant and codominant trees was produced during this period, and 82.7% 
for the 10 years previous. 

A stand near Skutz Falls (Fig. 1 : 2) was reported to be severely damaged 
by wind-throw in 1947 (11) (Fig. 11). An examination of 1225 80-year-old 
Douglas fir showed that 34% of the trees had been wind-thrown following 
damage by root rot and that 40% of the standing trees were infected. 

At Lake Cowichan in 1939, Bier (7) established three sample plots in 
35-year-old Douglas fir in centers of ‘“‘annual”’ P. weirii infection. During the 
10 years previous to 1939, 4.8, 33.8, and 9.0% of the dominant and co- 
dominant trees were killed by yellow laminated root rot on each of these plots. 
From 1939 to 1949, a further 1.7, 15.7, and 32.4% respectively had been 
killed. These figures indicate that damage from any one center of infection 
varies greatly from one period to another, even under similar site conditions. 

A study of these stands indicates that the disease usually remains highly 
active in an infected area for extended periods of time. The number of trees 
affected each decade may decrease because of the lack of root contacts, but the 
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economic value of each tree has greatly increased. Examples of infection 
centers continuing to develop over long periods of time can be found in 80-, 
130-, and 280-year-old Douglas fir at Lake Cowichan (Fig. 12), and in 300- 
year-old and older growth at Cameron Lake, Stamp Falls, and Sproat Lake 
(Fig. 1:1, 3, 4, and 5, respectively), although these centers do not occur 
frequently (12). 


Control of the Disease 


The practice of removing from plant communities individuals infected with 
vascular root disease generally tends to accelerate the spread of the disease. 
With reduced competition the roots of neighboring plants grow more freely 
into the infected area and therefore increase the number of root contacts 
with the inoculum. Further, where the infected plants are severed, the 
resistance of the host is immediately reduced and the fungus will spread 
rapidly throughout all tissues of the root system to bring it in contact with 
more roots of adjacent plants (6). From these general observations it can be 
expected that heavy losses may occur when trees are removed from a stand 
of Douglas fir which is heavily infected with yellow laminated root rot. With 
the high frequency of root fusions in Douglas fir, stumps and roots of severed 
trees may not die for several years. This precludes the entrance of soil 
organisms which would normally invade dead roots and prevent the spread 
of the disease. Moreover, thinning of Douglas fir stands infested with the 
disease seems inadvisable, as the infected trees showing resistance to killing 
by the disease lose the support of neighboring trees and soon fall from the 
effects of wind or snow (Fig. 11). 

A single center of infection at Lake Cowichan was studied to determine 
whether the felling of all affected trees would destroy the center or prevent 
the spread of the disease. In this center 29 trees showed several symptoms 
of the disease and three showed a single symptom. All the roots of the trees 
in the center were exposed, and the trees felled. ‘“‘Annual’” P. weirii was 
isolated from 45 trees. Removing all the infected trees, those connected by 
root contacts, and an isolation strip one tree wide around them, required that 
135 trees be removed. Such a procedure is commercially impracticable, 
particularly if there are several centers of infection in a stand. Even after 
the removal of the infected trees, the original source of inoculum will often 
remain viable to form a new source of infection for trees subsequently 
established in the area. 

In Douglas fir stands severely infested with the disease, it has been suggested 
that planting of the area to another species of conifer for a rotation of crop 
would reduce or eliminate the disease. In most stands where yellow laminated 
root rot occurs frequently, western hemlock is the only alternate species that 
could be used, and it is doubtful that this species would provide a crop of 
sufficient economic value to warrant such a rotation. Further, hemlock itself 
is highly susceptible to yellow laminated root rot. Although the disease 
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rarely spreads through a hemlock stand because of the scarcity of root contacts, 
it is probable that living infected trees would carry over many sources of 
inoculum to the next rotation. 


A study of the history of heavily infected Douglas fir stands indicates that 
the most practicable method of checking the spread and reducing the incidence 
of the disease in the next crop is through clear-cutting and severe burning of 
the site following harvesting. Although this drastic treatment would check 
the spread of the disease to some degree in the ensuing crop, the advantages 
gained by such control may be outweighed by the harm done to the site. 


It is not as yet economically practicable to consider eradication or immediate 
control of yellow laminated root rot even in severely damaged areas. Certain 
characteristics in the behavior of ‘‘annual’’ P. weirii suggest practical methods 
of silvicultural control which are now being considered. Removal of infected 
trees will only be feasible if current experiments show success in treating the 
stumps of freshly-felled infected trees with poisons or hormone-like herbicides 
to prevent the survival of the fungus in residual roots and stumps. 


Discussion 


With the constant lowering of old-growth Douglas fir reserves and the 
resultant increasing dependence on young trees grown on short rotations, any 
agency adversely affecting the stocking of these young stands must be given 
careful consideration. As the young stand develops, natural thinning by 
competition and disease is desirable to maintain adequate growing space for 
good quality and yield of timber. In most young Douglas fir stands yellow 
laminated root rot is not seriously affecting the distribution and the amount 
of stocking at present. The disease is extensive in many areas, however, and 
by opening up the stands and subjecting the trees to wind and snow damage, 
poor and uneven-aged distribution results. 

Signs and symptoms of yellow laminated root rot are not apparent until 
the disease is well established in the tree. Even then, however, the sporophore 
of the fungus is rarely produced, and the symptoms may be partially or 
entirely absent, directly dependent upon the resistance of the individual tree 
to killing by the disease. Although the symptoms expressed by any species 
are not solely diagnostic of this root disease, the centers of infection of ‘‘annual”’ 
P. weirii are readily recognized in Douglas fir by the ‘root balls” of fallen 
trees and the characteristic openings in an otherwise well-stocked stand. 

The exact nature of the resistance of a host to killing by the disease has not 
been studied, but trees in which the fungus grows through the sapwood must 
differ markedly in some chemical or physical property from trees in which the 
fungus grows through the heartwood. Nontoxic to the fungus, the high resin 
content of the roots and butts of trees showing resistance to killing by the 
disease is believed to be the most important factor in the survival of ‘‘annual”’ 
P. weirti from one host generation to the next. When the fungus grows 
through the heartwood there are seldom any outward signs of loss of vigor, 
but when the fungus grows through the sapwood marked symptoms of loss 
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of vigor are rapidly evident. The latter trees are highly susceptible to attack 
by bark beetles. In centers of ‘“‘annual’’ P. weirii infection. it is not uncommon 
to find large populations of bark beetles building up and spreading out into the 
surrounding stand. 

The major cause for the severity of yellow laminated root rot in Douglas 
fir appears to be the common habit of root fusion in this species rather than 
host susceptibility. Signs of root fusion are frequent in Douglas fir stands 
where the healing or callusing of the stumps of selectively cut trees is common. 

Although ‘annual’ P. weirii has been isolated from many conifers in 
British Columbia, root fusion is not common in species other than Douglas 
fir and centers of infection do not usually develop. 

Where yellow laminated root rot is prevalent it is evident that severe 
economic losses can be expected in immature stands of Douglas fir. Such 
stands may produce no increase in volume from as early as 30 to 40 years of 
age until the end of the rotation. This damage represents a great economic 
loss in the capacity of the site for wood-production, considerable waste of 
growing space through extensive openings made in the stand, and a potential 
hazard to future crops grown in the area. As ‘‘annual”’ P. weirii may remain 
viable in debris of the old stand for extended periods, the tendency will be for 
the incidence of the disease to increase. . 

To augment silvicultural practices, economically sound methods of destroy- 
ing centers of infection must be considered and careful attention must 
necessarily be given to each area of Douglas fir regeneration infested with the 
disease. To attain these objectives, studies must be made of the manner of 
intensification of the disease in the area, factors influencing the survival of 
inoculum between stand rotations, and site factors influencing the spread of 
the disease within the established stand. As such factors are usually complex 
they are too often ignored. They must be considered by the forester, how- 
ever, if maximum or even increased yields are to be obtained on sites where 
the disease is prevalent. 
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STUDIES ON SWEET CLOVER FAILURES IN 
SOUTHWESTERN ONTARIO! 


By W. G. BENEDIcT? 


Abstract 


The etiology of sweet clover failures that have occurred in recent years in 
southwestern Ontario was investigated further through studies of the possible 
role of adverse environmental factors, of insects, and of pathogenic bacteria and 
fungi. A number of soil-borne parasites were found. They exhibited unusual 
parasitism at the point of initial infection and as the disease occurred in the field. 
Phytophthora cactorum was found to cause the disease, and its parasitism of 
sweet clover was investigated. The susceptibility of the host varied sharply 
with its stage of development and was at a minimum in the seedling stage and 
greatest early in the second season’s growth. Numerous lenticels on the tap 
roots provided natural breaks in the periderm through which the fungus probably 
entered. Invasion of the tissue by the fungus was intracellular in the relatively 
small number of instances when first season plants were attacked and was always 
intercellular when second season plants were attacked. The fungus sporulated 
when seedlings were infected and when extracts of seedlings were added to 
common artificial media. Mycelium of the fungus was found abundant in 
cortical parenchyma considerably in advance of lesions. Secondary organisms 
quickly followed the initial infection. Epidemiological studies of sweet clover 
failures indicated that outbreaks were characterized by relatively short periods 
of high disease incidence in the early part of the second growing season in 
individual clover stands. An analysis of weather data for the period during 
which recent epidemics occurred suggested that sustained high soil moisture in 
the early part of the growing season was prerequisite to epidemic outbreaks of 
the disease, with higher than average soil temperatures favorable as well. No 
phenological condition, however, seemed responsible for confining the outbreaks 
to the beginning of the second season of growth, which appeared to be incidental 
= — physiological change correlated with the developmental rhythm of 
the host. 


Introduction 


Over 90% of Ontario’s sweet clover crop is grown in southwestern Ontario. 
Centers of seed production lie in Essex, Huron, and Simcoe Counties. In 
districts where the soil is clayey and depleted of much organic matter by 
continuous cash cropping and mechanized farming, the growing of an increased 
acreage of sweet clover has been urged by qualified agricultural workers. 
Consequently when failures occurred in recent years, attention was drawn to 
the importance of sweet clover diseases. 

In this paper the designation “‘sweet clover failures” will be applied generally 
without regard to the cause of the trouble in specific instances. Also, two 
distinct species, Melilotus officinalis (L.) Lamark (the yellow-flowering form) 
and M. alba Desrousseaux (the white-flowering form), are involved in observa- 
tions and experiments. Throughout the paper ‘‘sweet clover’’ will refer to 

1 Manuscript received September 16, 1953. 

_ Joint contribution from the Department of Botany, University of Toronto, Toronto, 
Ontario, and the Botany and Plant Pathology Division, Science Service, Department of Agriculture, 
Ottawa, Canada. Contribution No. 1313. 

Based on a thesis presented in October, 1952, to the University of Toronto in partial fulfill- 
ment of the requirements for the degree of Doctor of Philosophy. 
2 At the time, graduate student and demonstrator, Department of Botany, University of 


Toronto; now Associate Plant Pathologist, Science Service Laboratory, Plant Pathology Section, 
Harrow, Ontario. 
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the yellow-flowering form, unless special reference is made to the white- 
flowering form. 

The present studies were undertaken to include all of southwestern Ontario 
in an extension of investigations begun by Slykhuis (24) in 1947 concerning 
the nature of sweet clover failures locally in Essex County. Slykhuis found 
that Phytophthora root rot was the principal factor causing the failures. His 
investigations were made at the peak of the root rot epidemic and have 
emphasized the destructiveness of the disease and some factors influencing 
root rot severity. The results of studies of recent recurrent sweet clover 
failures emphasize host—parasite interactions. 

The history and geographic distribution of sweet clover has been fully 
reviewed elsewhere (18, 28). Fungus diseases causing root and crown rots of 
sweet clover in the United States corn belt and in Canada have been reported 
variously in the literature for more than 25 years (8, 10, 11, 12, 13, 17, 22, 24, 
25). Notwithstanding this, sweet clover apparently has not been ravaged by 
root diseases throughout its whole geographic range. 


Symptoms 


Compared with the healthy state, wilting and a soft water-soaked crown 
and root are major manifestations of the disease. Positive identification of 
the disease-producing agent is attendant upon isolations from diseased sweet 
clover roots and careful laboratory studies. The effects of the root rot 
causing sweet clover failures appear in the spring of the second season following 
resumption of growth of the tap root. In many cases the disease appears in 
localized areas in the field conforming with the furrows and wide shallow 
depressions, and the plants die leaving bare patches. In other cases the 
disease is found in all parts of the field and thins the stand, or destroys it 
completely, after which the crop becomes weed infested and unprofitable. 

When a healthy plant growing in the field under natural conditions becomes 
diseased following dormancy, the first sign of the trouble in the above-ground 
part of the plant is the drooping of leaf petioles (Figs. 1-3). One shoot may 
be completely flaccid before other shoots wilt, or sometimes there is general and 
sudden wilting of the whole plant. In the region of the crown the below- 
ground parts of the diseased plants exhibit a water-soaked, discolored, and 
downward-advancing lesion that is at first turgid and is later wrinkled and 
rotted (Figs. 4 and 5). Lateral roots are invaded by extension of the root rot 
from the main root, or are attacked separately. 


Isolations 


The problem of finding a primary organism capable of causing sweet clover 
failures was undertaken through investigations of such factors as environment, 
insects, bacteria, and fungi. Winter injury due to heaving did not seem to 
cause any serious setback to the plants and winter killing was negligible in 
the region under study. The role that insects played in the sweet clover 


| 


84 CANADIAN JOURNAL OF BOTANY. VOL. 32 


failure picture was more important. Larvae of the clover root curculio (20), 
Sitona hispidula (Fab.), were found prevalent in 9 out of 10 sweet clover fields 
in June in Essex County. The small grubs scored the tap roots at points 
sometimes several inches below the soil surface (Figs. 6 and 7) and it was 
common to find root rot lesions adjacent to these wounds. The sweet clover 
weevil (2), Sitona cylindricollis (Fahr.), caused much loss of foliage in sweet 
clover stands in the spring when the adult weevils come out of hibernation. 
Characteristically the weevils remove crescent-shaped pieces from the leaf 
margins (Fig. 8). It was not uncommon to find sweet clover seedlings virtually 
defoliated by mid-July (Fig. 9). The use of DDT has been recommended for 
the control of this insect in order to secure a stand of young plants. Nematodes, 
some of which belonged to the genus Pratylenchus (15), extensively mutilated 
and sloughed cortical tissue of new rootlets. This caused a much retarded 
development of both seedling and year-old sweet clover stands on some sandy 
soils in the Harrow district. Often the nematodes were found in roots along 
with the endophytic phycomycetous mycorhizal fungus Rhizophagus (Fig. 10). 
Mites (1) belonging to the genus Tarsonemus were found tunnelling through 
tissue at the stem base of several young plants but such mite injury to sweet 
clover was considered insignificant. Pathogenic bacteria were not found in 
sweet clover plants during the present investigation. 

Fungi apparently were responsible for the disease. During the spring and 
summer of 1950 preliminary work revealed what fungi would attack sweet 
clover seedlings grown in “‘root rot’’ soil. This soil was Brookston clay taken 
in Essex County from fields of year-old sweet clover that had suffered severely 
from spring failure of the crop. At first a growth chamber with constant 


Fic. 1. Sweet clover plants transplanted from the field April 21, 1952, showing stages 
of the disease very early in the growing season. From right to left in the photograph: 
progress from the heaithy condition to dead plants. Pot No. 4 shows the wide spreading 
of the shoots and a few drooping leaf petioles. Pots No. 3 and 2 show wilted plants. 

Fic. 2. A healthy sweet clover plant as it appears at the beginning of its second season 
of growth. Note numerous lenticels which are associated with lateral root production. 
The dormant crown buds emerge above ground and produce the leafy shoots that bear 
flowers and seed. 

Fic. 3. First symptoms of disease in the new shoots—the drooping of the longer leaf 
petioles. This plant was transplanted from the field at Woodslee to the Wisconsin soil- 
temperature tank can in Toronto Feb. 11, 1952. The photograph was taken one week 
following transplanting and inoculating; the plant was grown at 26° C. 

Fic. 4. A diseased plant infected by Phytophthora cactorum and exhibiting a water- 
soaked, discolored, downward-advancing lesion that is at first turgid but later wrinkled 
and rotted. 

Fic. 5. A crown-rotting lesion on a sweet clover plant root found later in the second 
season of growth. 

Fic. 6. Injury caused by larvae of Sitona hispidula to sweet clover later in the second 
season of growth. Larvae were numerous on the roots and in the soil. Old feeding 
wounds are nearest the soil surface. June, 1951. 

Fic. 7. Sweet clover plant infected by the root rot organism. Note water-soaked 
lesion below old feeding wounds of the clover root curculio. May, 1952. 

Fic. 8. Leaf of second season sweet clover plants showing feeding injury caused by the 
sweet clover weevil, Sitona cylindricollis, compared with uninjured leaf. 

Fic. 9. Defoliated and stunted sweet clover seedlings due to the feeding of sweet clover 
weevils compared with a healthy uninjured plant of the same age. 
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temperature of 20° C. and a photoperiod of 14 hr. daily was utilized. Follow- 
ing emergence, whole seedlings were lifted, washed free of adhering soil 
particles, and placed in a small amount of distilled water in Petri dishes for 
24 to 48 hr. at room temperature. Microscopic examinations of fungi that 
grew out of 200 infected roots showed that Pythium, Aphanomyces, and 
Fusarium species were present. A second experiment made use of Wisconsin 
soil-temperature tanks in the greenhouse. Four cans of “root rot’’ and four 
of “healthy” soil were placed in each of five water baths regulated at 10°, 
12.5°, 15°, 17.5°, and 20°C. respectively. Examination of and isolation 
from 843 unthrifty seedlings from both soil samples showed that several fungi 
were capable of causing seedling blight of sweet clover (Table 1). Pythium 
ultimum (Fig. 11) and P. irregulare (21) caused damping-off of some seedlings. 
Rhizoctonia solani killed or retarded the development of many seedlings 
(Fig. 12) and Thielaviopsis basicola (Fig. 13) affected a few. The same fungi 
found in seedlings grown in ‘‘root rot’’ soil also attacked seedlings growing in 
“healthy” soil with the exception of Phytophthora cactorum and T. basicola. 
Pre-emergence damping off accounted for about 46% of the seedlings at 20° C. 
and about 66% at 12.5°C. on “root rot’’ soil. Pre-emergence loss was 
between these extremes at the other temperatures. Post-emergence killing 
of seedlings was slight. Under field conditions losses of sweet clover seedling 
stands due to fungi were, on no occasion, appreciable during the years of these 
studies. Also, the practical difficulty experienced by growers has been one of 
obtaining a second season stand of plants rather than a seedling stand. 
R. solani and Fusarium spp. were the only fungi isolated from sweet clover 
seedlings growing in the field. 


Fic. 10. Microphotograph of vesicles of Rhizophagus, the endophytic phycomycetous 
mycorhizal fungus, along with nematodes in a new branch (feeder) root of a second season 
sweet clover plant. 

Fic. 11. Oogonium and antheridium of Pythium ultimum which attacked seedlings 
of sweet clover. 

Fic. 12a. Healthy sweet clover seedling one month old. A unifoliate leaf is produced 
between the cotyledonary leaves and the trifoliate leaves. Several bacterial nodules are 
present already. (6) Young seedlings, the same age as the one in (a) attacked by 
Rhizoctonia solani. 

Fic. 13. Typical chlamydospores of Thielaviopsis basicola, This fungus attacked some 
sweet clover seedlings. 

Fic. 14. Numerous zoosporangia of P. cactorum produced terminally on the first flush 
of hyphae emerging from an infected sweet clover seedling shoot that was placed in water. 

“1G. 15. Zoosporangium with zoospores which have become inactive and spherical. 
Note characteristic plug at the base of the sporangium. 

Fic. 16. Oogonium with paragynous antheridium characteristic of P. cactorum. 

Fic. 17. Mycelium of P. cactorum growing intracellularly in a seedling sweet clover 
stem. 

Fic. 18. Longitudinal section of an infected second season sweet clover root showing 
hyphae ramifying intercellularly throughout cortical parenchyma immediately beneath 
the periderm. 

Fic. 19. Transverse section of infected second season sweet clover root showing 
segments of hyphae lying between the cells. Starch grains are abundant in this tissue. 

Fic. 20. Mycelium of P. cactorum growing through tissue of a lenticel which may act 
as an entrance and an exit in host—parasite relations. 

Fic. 21. Inoculum placed in wounded sweet clover plants in each Wisconsin tank can 
during infection experiments. The left culture of P. cactorum is growing on potato- 
dextrose agar and the right one in sterile water (for zoospore production). 
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The fungus that was consistently isolated from infected year-old sweet 
clover plants in early spring was Phytophthora cactorum. Many later isolations 
contained Fusarium spp. Where P. cactorum was in little evidence in the 
fields, other pathogenic fungi seemed to be insignificant also which suggested 
that this fungus was the primary pathogen. Pathogenicity tests showed that 
P. cactorum, inoculated into year-old sweet clover roots soon after winter 
dormancy, produced a severe wilt and root rot identical with that found in 
naturally infected plants in early spring. Pythium spp. caused pre- and post- 
emergence damping-off of seedlings but did not affect older plants. None of 
the Rhizoctonia isolates killed older plants although they were most destructive 
to seedlings. Fusarium spp. and T. basicola retarded the development of 
some seedlings. Fusarium isolates caused a wilt of year-old plants in some 
cases. Other fungi isolated from seedlings grown on “‘root rot” soil seemed 
to be unimportant in the sweet clover failure picture. 

Unusually precise limits were present for successful isolation of P. cactorum. 
It was most difficult to isolate the fungus except in very early spring when the 
roots were just breaking dormancy and incipient infections weregin evidence. 


Parasitism 


Since Phytophthora cactorum readily reproduced the sweet clover failure 
disease under experimental conditions, its parasitism was intensively investi- 
gated. The phases of the life cycle observed in these studies corresponded 
with the life history of this fungus reported by Miss Blackwell (3, 5) whose 
terminology in this genus was also used. P. cactorum is homothallic, and the 
species comprises several distinct strains (26). 


Culture Studies 


Considerable difficulty was experienced in obtaining fungus fruiting bodies 
when ordinary laboratory methods were tried. Finally, however, zoosporangia 
and zoospores (Figs. 14 and 15) were produced when infected seedlings or 
pieces of the mycelial mat of the fungus were placed in distilled water in a 
Petri dish and kept at about 20° C. for 36 to 48 hr. The fungus produced 
oospores best on oatmeal agar (23) in greenhouse temperature and light 
conditions that prevail during the winter months. Constant temperature and 
a dark chamber were never satisfactory for oospore production. The 
antheridium is predominantly paragynous (Fig. 16), being attached in a 
lateral position on the oogonium. The oospore apparently is a most resistant, 
perennating body, and the conditions that ensure germination of it lie within 
narrow limits of temperature and moisture (4). Other perennating organs 
produced by the fungus are chlamydospores which are larger than sporangia 
and are spherical; resting sporangia; and resting mycelia. 

The growth rate of the fungus on common media was important in the 
separation of species of Phytophthora by Tucker (26). During the present 
investigation the isolations of P. cactorum from sweet clover had a minimum 
temperature for growth below 6° C. and a maximum above 30° C. on several 
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extract agars. The optimum temperature 18° to 22° C. agreed with the low 
optimum of about 16° C. for other Phytophthora isolates from sweet clover in 
Alberta and Ontario (24), but is considerably lower than the optimum of 
about 27°C. found by Welsh (27) for isolations of this fungus from apple 
trees in British Columbfa. 

During the cultural studies of the fungus it was thought possible that the 
addition to common culture media of some growth promoting substances and 
extracts of sweet clover roots might stimulate sexual reproduction. Subse- 
quently, it was of great interest to note that abundant oogonia and antheridia 
had developed on the potato-dextrose agar to which the extracts of seedling 
and immature sweet clover roots had been added, whereas the fungus grew 
only vegetatively on the agar with extract from second season roots. This 
relationship between fungus fruiting and age of the host was evident also when 
infected plants were examined. 


Infection Studies 


Myceliun®of P. cactorum colonized parenchymatous tissue of the host inter- 
and intracellularly. This was determined when more than 200 transverse 
and longitudinal serial sections, each 50 uw in thickness, of roots infected by 
the fungus were individually placed on clean glass slides in drops of iodine — 
potassium iodide, heated for about one minute after the addition of acid 
fuchsin in lactophenol, cooled, cleared with lactophenol, covered with a cover- 
slip, and examined microscopically. Whole infected seedlings were similarly 
treated. 

When seedlings were invaded by the fungus, hyphae penetrated both 
hypocotyl and root, ramified throughout the tissue intracellularly (Fig. 17), 
,and bore sexual reproductive bodies in the tissues. Then, when the infected 
seedlings were placed in water, hyphae emerged directly through epidermal 
cells and produced terminal sporangia which gave a mass discharge of 
zoospores. When second season roots were invaded by the fungus, hyphae 
grew intercellularly through cortical and ray parenchyma and reached the 
central pith in as short a period as three days at 17° C. and, furthermore, had 
advanced from 5 to 8 mm. beyond the margin of the wet and sunken lesion. 
Mycelial ramifications in cortical parenchyma were at no time observed 
penetrating cells of periderm (Figs. 18 and 19) but were abundant in lenticel 
tissue sometimes making an exit from the root (Fig. 20). The furthest pene- 
tration of the fungus beyond the limits of the root rot lesion was in pericycle 
tissue and much growth of the hyphae was parallel with the long axis of the 
root. A few hyphae penetrated xylem elements. Some cells adjacent to 
hyphae were plasmolyzed and devoid of starch. Judging by the number of 
starch grains seen microscopically and the intensity of the color in the starch 
test in serial sections of root it seemed that the carbohydrate reserves were 
depleted naturally from the crown downward. No starch or mycelium was 
found where the fungus invasion had caused a lesion in the crown or root. 
Considering phycomycetous infection in general, it is usually expected to find 
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the most advanced part of the lesion pronounced and mycelium abundant 
there, whereas in the case of P. cactorum in sweet clover it was interesting to 
find the mycelium in the parenchymatous tissue considerably beyond the 
limits of the lesion. 


Ontogenetic Studies 

Variations in the infection capabilities of the fungus during preliminary 
tests at Harrow in 1950 showed that the pathogenicity of the causal organism 
might be related to the condition of the host at a certain phase in its ontogeny. 
Consequently, in three consecutive experiments, (a) four-month-old sweet 
clover plants, (>) germinated sweet clover seed, and (c) roots of sweet clover 
plants that had experienced a natural dormant period in the field were trans- 
planted and grown for six weeks in Wisconsin soil—-temperature tanks in the 
University of Toronto greenhouses during the winter of 1951-52. The soil 
used was Harrow sand and Brookston clay from fields that had raised healthy 
sweet clover during 1950 and 1951 in Essex County. The soil temperature 
for the six tanks of eight cans each was regulated at 10°, 14°, 18°, 22°, 26°, 
and 30° C. respectively. The moisture holding capacity of the soils was kept 
at about 60°. Locally grown seed was obtained in the Harrow district and 
was of the common white species of sweet clover. 

Two of the eight cans of soil at each temperature, one of clay and one of 
sand, were steam-sterilized and four were untreated, two of clay and two of 
sand. The plants in these six cans were inoculated with a culture of P. 
cactorum growing vegetatively on potato-dextrose agar plus a water culture 
of this fungus that contained zoospores (Fig. 21). The remaining two cans, 
one of clay and one of sand, were untreated, and the plants were inoculated 
with sterilized potato-dextrose agar. The fungus was three weeks old at the 
time of inoculation and was inserted in a scalpel wound cut longitudinally in 
the outer cortex of the root, or, with seedlings, the mycelial mat was placed 
around and in contact with the base of the hypocotyl of the young plant. 
The inoculated regions of the plants were lightly covered with moist soil. 
Before being transplanted in the cans of soil, the germinated seeds and plants 
were washed clean in running tap water. Artificial lighting supplied by 500 
watt Mazda lamps supplemented the daylight-to give a light period of about 
14 hr. daily. The air temperature of the compartment was about 21° C. and 
humidity was kept high by frequent watering of the cement floor. 

The results of these experiments are given in Table II]. The inoculated 
seedlings and plants that remained healthy grew as vigorously as the checks. 
There seemed to be little difference in the infection capabilities of the fungus 
on sterilized and unsterilized soils throughout the range of temperatures used. 
The striking things in the three above experiments seemed to be the low infec- 
tion in the first season plants combined with the characteristically normal 
rapid development of such infections as did occur. In the case of second 
season plants, no pattern of incidence of wilt related to the length of the 
incubation period could be found. Why there should be such a range when 
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TABLE II 


RELATION OF ONTOGENY TO SUSCEPTIBILITY OF SWEET CLOVER FOLLOWING 
INOCULATION WITH P. cactorum IN GREENHOUSE EXPERIMENTS 


Susceptibility* 
Ontogeny (percentage of inoculated plants) 
developing wilt and root rot) | 


Occurrence of wilt* 
(daysafter inoculation) 


Seedling (3 weeks) 3.8 | 4-10 


First season (4 months) 9.7 7- 9 
Second season (immediately after 12.3 6 — 26 


dormancy) 


* There was no correlation between susceptibility and the soil type or temperature. 


the method of wounding and the inoculum were uniform seems indeed a 
problem that can hardly be ignored and requires further investigation. This 
anomaly seems to suggest the individuality of sweet clover plants which must 
differ genetically, ontogenetically, morphologically, and chemically, and in 
their dormancy experience in any population of plants. The complexity of 
the life history of the causal organism and of the biennial development of the 
sweet clover host seemed to account for the incomplete infection in spite of 
the use of large amounts of inoculum. The nature of the disease was typical 
of root rots once infection occurred in the tap root. However, the occurrence 
of disease as measured by the small number of infections made the first two 
groups, dealing with first season seedlings and young plants, atypical. Some 
histological studies of sweet clover roots during their development have been 
made by Martin (19) and Miss Bottum (6). 


Epidemiology and Control 


Sweet clover failures in southwestern Ontario reached epidemic proportions 
in 1945, 1947, and 1948 and have been present, particularly in Essex County, 
with consistently fairly heavy losses each year since. Pertinent weather data 
obtained at the Dominion Experimental Station, Harrow, for the period 
August 1, 1944, to June 5, 1942, were analyzed and showed that sustained high 
soil moisture in the early part of the growing season was prerequisite to out- 
breaks of the disease, with higher than average soil temperatures favorable as 
well. No weather factor, however, seemed responsible for limiting the out- 
breaks to the beginning of the second season of growth. The outbreaks of 
disease seemed to be incidental to some physiological change correlated with 
the developmental rhythm of the biennial host. 

Surveys of sweet clover fields were made several times during the growing 
season of 1950, 1951, and 1952, over an area that included about 90% of the 
acreage of this crop seeded in Ontario. Former surveys in the literature 
(7, 9, 16) served to help estimate losses due to diseases in this crop. The 
extensive surveys showed that P. cactorum was present in and could be isolated 
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from roots of plants displaying typical symptoms of the disease. This 
occurred shortly after new shoots appeared from dormant crown buds in 
early spring. The disease was most evident in fields in Essex and Kent 
Counties but was prevalent in Lambton and Huron Counties and present in 
some other counties. 

Since, in southwestern Ontario, the value of sweet clover depends to a 
large extent on its suitability in a definite cropping system, the application of 
a longer rotation could not be recommended as a control measure. Preliminary 
field experiments indicated that neither a change in soil type nor the use of 
certain chemical addenda affected a successful indirect biological control of 
the disease. This is in agreement with investigations by Gerdemann(14) 
and others who have observed that sweet clover root rot occurs in certain areas 
regardless of the fertility level of the soil. Therefore, it appears that the most 
effective and economic method for control of sweet clover failure is the use of 
selections resistant to its attack. Jones (17) and Cormack (13) obtained some 
plants resistant to P. cactorum infection under field conditions. The seed of 
such selections has not been produced in quantity or sown widely in areas 
most severely affected by root rots. However, since losses due to 
Phytophthora root rot can be effectively reduced by using resistant strains and 
these strains can be improved in any section where infection is commonly 
severe, the use of home grown seed may be encouraged as the most effective 
means for controlling the disease locally. 


Discussion 


The present investigation has yielded new as well as additional information 
regarding the nature of sweet clover failures in southwestern Ontario. Because 
of the complexity of the sweet clover failures it was decided that such agents 
as environment, insects, bacteria, and fungi should be investigated. Soon, 
frost injury and winter killing, nematodes and mites, and bacteria were found 
to be relatively unimportant as causal agents. However, it was thought that 
injuries caused by weevil larvae feeding on the roots probably would contribute 
to an epidemic of disease. Of the fungi which were isolated, Rhizoctonia 
solani, Pythium spp., Thielaviopsis basicola, and Phytophthora cactorum all 
proved capable of killing or severely stunting seedlings on diseased soil. 
P. cactorum, Fusarium spp., and Cylindrocarpon sp. proved to be consistently 
associated, on the other hand, with second season sweet clover plants that had 
wilted in the field. One of the facts disclosed by the present investigation 
was the limitation of the fungus P. cactorum to specific host tissues. Its 
virulence in pathogenicity tests and the occurrence of epidemics of disease in 
early spring of the second season sweet clover crops from which this fungus 
was consistently isolated indicated that P. cactorum was responsible for most 
of the sweet clover failures in Essex County, Ontario. This prompted further 
intensive investigations of this fungus. 

An interesting finding in connection with cultural studies of P. cactorum 
showed that this strain of the fungus had an optimum temperature for growth 
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of about 18° C. and that potato-dextrose agar was most suitable for growing 
it vegetatively and for subculturing. Also, oospores of the fungus were 
produced in infested seedlings and by adding an extract from macerated roots 
of healthy seedlings or immature sweet clover plants to potato-dextrose agar. 

Infection experiments with P. cactorum revealed several interesting 
phenomena concerning the association of this fungus with its host. That 
sweet clover failures were not connected with the first season phases of host 
development seemed evident. In the second season of growth, the production 
by the plant of a whole new fibrous root system with numerous lenticels 
appearing on the tap roots provided many natural breaks in the periderm 
which itself seemed to be a barrier to this fungus. It was also found that, 
although a wound resulting either by a scalpel cut or the feeding of insect 
larvae was utilized effectively by P. cactorum, a mechanical injury was not 
essential for infection of sweet clover. Its morphological response to 
mechanical injury apparently was not dissimilar to other plants that effectively 
wall out injured areas by new tissue in the absence of the fungus, but, when 
P. cactorum invaded wounds, the walling-off process seemed to be inhibited. 
When infection did occur, tissue invasion was intracellular in the case of 
seedling infection, but was always intercellular when older plants were parasi- 
tized. It was also unusual to observe mycelium of P. cactorum considerably 
in advance of the rotted tissue of lesioned roots. Whether germination of the 
zoospore or of the perennating oospore was responsible for initiation of infection 
in the spring could not be determined definitely. 

The current investigation has established that the pathogenicity of the 
causal organism was related to the condition of the host at a certain phase of 
its ontogeny. Previously, it was reported (24) that inoculated plants of all 
ages from three weeks to 10 months readily became infected with Phytophthora 
root rot. However, the present investigations disclosed consistently low 
infection in seedling and first season plants of the biennial sweet clover, 
combined with the characteristically normal rapid development of such 
infections as occurred. The fact that higher than average air temperatures 
along with sustained high soil moisture in the early part of the growing season 
seemed prerequisite to epidemic outbreaks of the disease is not in keeping with 
previous investigations. However, no weather factor could be found respon- 
sible for limiting the outbreaks to the beginning of the second season of growth. 
Crop failure appeared to be incidental to some physiological change correlated 
with the developmental rhythm of the biennial host. The fact that infection 
occurred more readily and mortality was found to be greatest when a 
mechanical injury was provided for the causal fungus to invade the host plant 
is in agreement with previous reports. 

It is important to note that in greenhouse experiments, with air temperature 
about 21° C. and various constant soil temperatures ranging from 10° to 30° C., 
wilting of the plants following artificial inoculation occurred in from 6 to 26 
days without a correlation between susceptibility of the host and the soil type 
or temperature. Most rapid growth of the check plants occurred at a soil 
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temperature of about 26°C. In the present investigation the optimum 
temperature for infection appeared to be about 22°C. whereas Slykhuis 
reported that root rot of sweet clover is most destructive when the soil around 
the roots is somewhere between 6° and 16°C. It is possible that the above- 
indicated inconsistency of findings concerning temperature requirements of 
the fungus may be explainable by the fact that different physiological races 
were being utilized by the different investigators. 

It may be concluded from preliminary field experiments that P. cactorum 
is established in much of the Brookston clay soil of the area under investigation, 
and that no satisfactory soil amendment has yet been found for control of 
this pathogen. 
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TOBACCO ETCH IN PEPPERS IN SOUTHERN ONTARIO! 
By C. D. McKEEN? 


Abstract 


Tobacco etch is one of the most prevalent and injurious viruses on sweet 
peppers in southern Ontario. The virus occurs in several strains. Detailed 
descriptions of symptoms produced by etch on sweet, hot, and semihot varieties 
of peppers are described. Symptoms on the pepper fruits have been observed 
chiefly on the sweet types. The widespread occurrence of etch in peppers is 
attributed to the prevalence of the vector Myzus persicae Sulz. Possible sources 
of etch that may give rise to epidemics on pepper and tobacco crops in southern 
Ontario are discussed. 


Introduction 


Near the end of July and early in August, 1950, many vegetable growers 
brought sweet pepper plants to the laboratory for the diagnosis of a wide- 
spread disease unfamiliar to them. Late-maturing varieties showed pro- 
nounced wilting and stunting. Green fruits on the early, sweet varieties 
showed prominent concentric ring patterns and shrivelling of the tissue on 
one side of the fruit. Many of the diseased plants showed dark green vein- 
banding of the young leaves. Extensive abscission of flowers and small fruits 
was evident. Virtually every plant was affected in many fields. In view of 
an almost certain crop failure several crops of sweet peppers were ploughed 
under before harvesting commenced. 


The leaf and fruit symptoms suggested that the cause was a virus and the 
prevalence of the green peach aphid (Myzus persicae Sulz.) in the affected crops 
suggested that it may have been serving as a vector. 

Later, the disease was readily shown to be infectious by inoculating young 
pepper and tobacco plants with sap expressed from diseased pepper fruits. 
Test plants inoculated with sap from different diseased plants in the same 
field, and also from diseased plants in different fields often showed strikingly 
different symptoms, indicating that more than one virus was involved in the 
outbreak. The use of differential hosts, together with other techniques used 
in the separation of viruses, established the presence of tobacco etch, tobacco 
mosaic, and cucumber mosaic either singly or in various combinations. The 
predominant component of the complex was, however, found to be tobacco 
etch. 


This constitutes the first report of the etch virus causing serious damage to 
pepper cropsin Ontario. Characteristic symptoms of etch in peppers, together 
with observations concerning its seasonal appearance and spread in Ontario, 
are presented. 


1 ,Manuscript received July 24, 1953. 


Contribution No. 1300 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 


2 Plant Pathologist, Laboratory of Plant Pathology, Harrow, Ontario. 
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Review of Literature 


The disease in tobacco caused by the etch virus was first described by 
Valleau and Johnson (13) and Johnson (6) in 1928 and 1930. Johnson (6) 
found four strains of the virus in Kentucky, Georgia, and Ohio. In 1946 
Doolittle (2) reported the isolation of a strain of tobacco etch from sweet 
pepper plants showing virus symptoms consisting of concentric ring markings 
on the foliage and fruit. In inoculations with this virus alone, Doolittle was 
unable to produce ring markings on the fruits similar to those observed on 
naturally infected plants in the field. McKinney (9) found that tobacco etch 
was the most common virus isolated from mottled leaves of pungent pepper 
and pimento pepper lines grown in South Carolina and also from a few mosaic 
collections received from Georgia. Doolittle and Alexander (4) reported that 
several greenhouse tomato crops at Toledo, and Columbus, Ohio, were affected 
with tobacco etch in the autumn of 1950. In that same year Stover (11) 
reported the isolation of three distinct strains of the etch virus from burley 
tobacco in southwestern Ontario. 


Materials and Methods 


Several varieties of pepper, Capsicum frutescens L., including sweet, hot, 
and semihot types, were used as hosts in the study of symptoms caused by 
etch. Other hosts included Lycopersicon esculentum Mill, var. Bounty, 
Datura stramonium L., Cucumis sativus L. var. Perry’s Special, Zinnia elegans 
L. var. Crimson Monarch, Solanum melongena L. var. Imperial Black Beauty, 
Vigna sinensis Endl. var. Black, Physalis peruviana L., Petunia hybrida Vilm. 
var. Rosy Morn, Nicotiana glutinosa L. and N. tabacum L. varieties Harrow 
Velvet and Turkish Samsun. 

Plants used for infection tests were grown in the greenhouse and were 
fertilized periodically to maintain rapid growth. Inoculations were made by 
rubbing the leaves of healthy plants with the forefinger wetted with infective 
sap. For most transmissions the rubbed leaves were first dusted lightly with 
400-mesh carborundum. The inoculated leaves were rinsed with tap water 
immediately after inoculation. The whole range of symptoms in pepper 
varieties was obtained by inoculating plants of various ages and at different 
seasons of the year. As a consequence, the writer was able to reproduce 
symptoms on greenhouse inoculated plants identical with those observed on 
naturally infected pepper plants in the field. 


Symptoms 


Since tobacco etch frequently occurred in mixed infections with tobacco 
mosaic and cucumber mosaic, use was often made of Datura stramonium to 
separate out the etch virus. Symptoms of systemic infection in that host are 
shown in Fig. 8. The characteristic vein clearing and subsequent etching 
produced in inoculated plants of young burley tobacco (Fig. 7) made this host 
indispensable for the ready demonstration of the presence of the etch virus. 
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It was found that several strains of etch were present on peppers in Ontario. 
Whereas strain differences could occasionally be detected on peppers on the 
basis of the amount of stunting produced, they were more readily differentiated 
on tobacco where the degree and type of etching as well as the amount of 
stunting produced were diagnostic characters. 

Although Physalis peruviana L. served as a local lesion host for etch during 
winter months and it also showed certain systemic symptoms characteristic 
of etch (Fig. 9), it was not of much value in indicating strain differences. 

Whereas many isolates caused as much etching and stunting in burley 
tobacco as an isolate of etch obtained from Dr. Valleau in Kentucky and 
which was regarded as “‘severe etch’’, other isolates caused only mild etching 
and little stunting. All strains produced intranuclear crystals varying from 
1 to 15 in number, similar to those described by Kassanis (7) and Sheffield 
(10). In addition, granular, amorphous inclusions lying close to the nucleus 
were found in the cytoplasm of cells of trichomes when tobacco plants were 
inoculated with certain isolates of etch. As observed by other investigators, 
the type of etching varied appreciably depending much upon the light expe- 
rience of inoculated tobacco plants. All strains were inactivated with a 10 min. 
exposure to temperatures between 53 and 56° C. 


(a) General Symptoms Caused by Etch on All Susceptible Pepper Varieties 

Although symptoms caused by etch were reported by Stover (11) as being 
most variable on the Pennwonder variety of sweet pepper, the writer has 
observed a rather consistent pattern of symptoms on this and other pepper 
varieties. The general response of several varieties of peppers commonly 
grown in Ontario is shown in Table I. 

Three or four days after inoculation chlorotic areas appear on the inoculated 
leaves and later these leaves become rugose. The first evidence of systemic 
invasion consists of a prominent vein-clearing of the youngest leaves six to 
eight days after inoculation. These leaves became mildly chlorotic and show 
moderate cupping (Fig. 5). Two to three weeks after inoculation the young 
leaves show prominent broad, dark green bands along the veins (Fig. 5). 


TABLE I 


RESPONSE OF SOME VARIETIES OF C. frutescens TO SEVERE ETCH 


Severe-symptom varieties* Mild-symptom varieties 
California wonder Pennwonder 
Golden California wonder Vinedale 
Oakview wonder Hungarian wax 


Burpee’s sunnybrook (pimento) 
Sweet Hungarian (yellow banana) 


* These varieties show symptoms on the fruit. 


———--—-- —---—— 
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These dark green areas are usually more prevalent at the base of the lamina 
than near the tip. Although the amount of dark green vein-banding varies 
from week to week as the infected plant ages, its presence is a characteristic 
symptom of etch in peppers. Occasionally the young leaves of a plant infected 
for a month or longer show distortion in the form of laminal narrowing and 
marginal waviness. Long-infected plants frequently show a prominent green 
mottling and occasionally a speckled green mottling. 

Although leaf abscission has not been observed to occur to any appreciable 
extent, two to three weeks after inoculation much flagging of the old leaves 
on infected plants is observed. In the field on hot sunny days etch-infected 
plants have shown such extensive wilting as to suggest infection by a vascular 
pathogen. This condition is brought about by a severe root necrosis (Fig. 6) 
that is more pronounced in younger than in older plants. Although infected 
and wilted young plants may show a remarkable recovery they are markedly 
stunted (Fig. 4). Occasionally the internodes are shortened so that a bushy 
growth results. Frequently on the main branches of old infected plants 
several elongated reddish-brown necrotic lesions up to 2 mm. wide appear. 

Bud abscission occurring about 10-15 days after inoculation is usually 
extensive. Recently set fruits may also absciss. Subsequent to the expres- 
sion of this shock symptom, bud formation appears to develop normally. 


(b) Symptoms on Leaves and Fruits of Certain Highly Susceptible Varieties of 
Sweet Pepper 

Early in this investigation it was found that naturally infected sweet pepper 
plants showing ring and wavy band patterns on the old leaves and concentric 
ring markings on the fruit frequentiy yielded only etch virus. At the same 
time, numerous greenhouse inoculations of young pepper plants with etch 
isolates, failed to produce characteristic ring symptoms on the leaves or fruit. 
Doolittle (2, 3) reported obtaining similar results. Later, however, many 
inoculations produced fruit and leaf markings similar to those observed on 
naturally infected plants in the field. Characteristic symptoms were produced 
in the greenhouse when plants were inoculated during spring and autumn and 
often failed to appear when plants were inoculated during the summer. 
It was found that characteristic fruit symptoms consisting of ring and line 
patterns developed only on plants that were bearing fruit when inoculated. 
These symptoms, although somewhat erratic in their occurrence, appear about 
three weeks to one month after the plants are inoculated. Symptoms usually 
appear on those fruits that are at an early stage of development when the 
plants are inoculated, and seldom occur on almost mature fruits or on those 
that form subsequent to inoculation. Fruit symptoms have not been produced 
by the mild strains of the virus. 

(1) Leaf symptoms.—Leaf symptoms salen of brownish, necrotic, con- 
centric ring, or inverted U and V shaped patterns located near the base of the 
lamina appear on certain of the old green leaves (Fig. 2) which eventually drop. 
Similar chlorophyll-retention patterns may develop on old yellowed leaves 
(Fig. 2). In addition, reddish-brown, necrotic, elongated lesions with white 
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PLATE I 


Fic. 1. Green, mature California wonder pepper fruits from etch-infected plants. Note 
concentric-ringed areas and shrivelling of wall tissue. Fig. 2. Old green, and yellowed 
leaves from etch-infected Burpee’s sunnybrook (pimento) plants showing ring and wavy 
line chlorophyll-retention patterns. Necrosis is also present. F1G. 3. Fruit from etch- 
infected Burpee’s sunnybrook (pimento) plant. Note concentric-ring patterns and 
necrotic areas. F1G. 4. Two etch-infected pepper plants on left. Healthy plant on right. 
Note stunting caused by etch virus. Fic. 5. California wonder pepper plant infected with 
etch. Note cupping, vein-banding, and mottling in young leaves. F1G. 6. Root systems 
of potted sweet pepper plants. Healthy plant on left. Note necrotic roots on etch 
infected plant at right. Photographed one month after inoculation. 
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PLATE II 
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Fic. 7. Young Harrow Velvet tobacco plant showing typical symptoms of systemic 
invasion by etch virus. Note vein-clearing, chlorosis, and etching. F1G. 8. D. stramonium 
infected with etch and showing leaf distortion. Fic. 9. P. peruviana plant infected with 
etch and showing much leaf abscission. Photograph taken 11 days after inoculation, 
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centers, paralleling some of the veins, may appear on the upper surface of some 
of the leaves. 

(2) Fruit symptoms.—On green fruits chlorotic shrivelled areas that are 
usually more prevalent on the sides exposed to the bright sunlight may be 
found (Fig. 1). Distinct light and dark green concentric ring and line patterns 
may also be found (Fig. 3). Concentric ringspots in the affected areas are 
usually slightly elevated. Brown necrotic tissue may develop in the epidermis 
and wall of affected areas (Fig. ’3). On ripe or ripening fruit various green, 
orange, and brownish colors may be discerned in the ringed areas. These 
circular spots and rings may range up to 3-in. in diameter. On some plants 
with infection of long standing, dwarfed and mis-shapen fruits develop. 


Transmission of Etch 

The ready transmission of etch by the green peach aphid has been demon- 
strated by the writer and other investigators (8, 11,12). Although this virus 
is readily transmitted mechanically, the appearance of etch epidemics in 
Ontario only in sweet pepper fields infested with the green peach aphid would 
indicate that the virus is largely dependent upon this insect for its spread. 


Discussion 


That certain plants produce similar symptoms when infected with different 
viruses has long been known. In that connection, pepper would appear to 
be such a host. Berkeley (1) isolated a strain of alfalfa mosaic from peppers 
showing concentric ring markings on the fruits and leaves. Doolittle (3) 
found that fruits of pepper plants infected with both cucumber mosaic and 
tobacco etch showed dark circular spots or rings. In the present investigation 
the writer showed that plants infected with tobacco etch alone produced 
concentric ring and circular spots on the foliage and fruit. 

The importance of etch on peppers in Ontario has become evident only since 
the appearance of a strain of the green peach aphid that attacks tobacco. 
In 1947, heavy infestations of this aphid were reported for the first time on 
flue-cured and burley tobacco crops in southern Ontario. In 1950, etch was 
isolated from tobacco and pepper for the first time in Ontario. In that year 
it occurred widely in tobacco and pepper crops where it caused extensive 
damage. Although this virus appeared later in the two succeeding years, and 
consequently caused less damage than in 1950, it threatens to be a menace to 
these crops annually. 

The question arises as to whether the outbreak in 1950 resulted from the 
migration of winged adult aphids from infested tobacco crops in southern 
United States. It may be significant that tobacco etch was found in 1950 
for the first time affecting several greenhouse tomato crops in western Ohio. 
This area lies to the immediate southwest of southern Ontario across Lake 
Erie. The possibility exists that the etch virus may have been carried north- 
ward into southern Ontario in that year by the windborne migration of aphids 
from the tobacco growing regions of Kentucky where the disease has been 
known to occur for more than 20 years. Although no mention was made by 
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Doolittle and Alexander (4) of aphid infestations on greenhouse tomatoes in 
Ohio in that year, infestations were noted in southwestern Ontario in a few 
canning tomato crops as well as on pepper and tobacco crops. In that con- 
nection, Wolcott (15) suggested that the new strain of green peach aphid that 
recently has become troublesome in Puerto Rico and the Dominican republic 
has been windborne from Cuba. 

What constitutes the source of the etch virus each growing season in Ontario 
has not yet been determined. Several possible sources may be mentioned. 
Valleau and Johnson (14) and Stover (11) suggested that potatoes may be a 
reservoir of this virus. That this may be the source in Ontario seems unlikely 
because the potatoes planted in the tobacco and early vegetable growing areas 
of southern Ontario are imported each year from the seed producing areas 
in the Maritime provinces of Canada where the isolation of tobacco etch from 
potatoes grown in those areas has never been reported. It is possible that the 
virus may be overwintering in Ontario in perennial weed hosts. Valleau (12) 
reported the transfer of the etch virus from naturally infested Physalis sp. 
growing near old garden sites in the tobacco growing areas of Kentucky. 
Holmes (5) found the perennial weed Physalis subglabrata to be naturally 
infected in New Jersey. A third possibility exists, namely: that the virus 
may have been and is being introduced into Ontario each season on young 
tomato and pepper plants imported from southern states. A fourth possi- 
bility is that the virus may be carried into southern Ontario through windborne 
migration of the aphid vector each growing season. Clearly, further research 
will be necessary to determine the source of etch inoculum each season in 
Ontario. 
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METHYL BROMIDE AS A SOIL FUMIGANT FOR CONTROLLING 
SOIL-BORNE PATHOGENS AND CERTAIN OTHER 
ORGANISMS IN VEGETABLE SEEDBEDS! 


By C. D. McKEEnN? 


Abstract 


The effectiveness of methyl bromide (Dowfume MC-2, 98% methyl bromide 
and 2% chloropicrin) as a fumigant for controlling diseases in seedbed soils 
used for the production of vegetable seedlings under glass was studied. <A 
differential response of the microfloral components of a sandy loam compost soil 
to the lethal action of methyl bromide was observed. In general, fungi_were 
destroyed at lower concentrations than were bacteria and actinomycetes. Of the 
pathogenic fungi tested, Fusarium oxysporum f{. niveum and a Fusarium sp. 
causing root decay of onion seedlings were found to be the most resistant to the 
lethal action of methyl bromide. Whereas the former was destroyed by a 
dosage of 1} Ib. per 100 cu. ft. in sandy loam soil and the latter by a dosage of 
2 lb. in muck soil, Pythium sp. Rhizoctonia solani, and several other pathogenic 
fungi were destroyed by a much lower dosage, namely, that of ? lb. per 100 cu. ft. 
Bacteria showed a broader range of variability than the fungi in their tolerance 
of methyl bromide. Whereas Xanthomonas vesicatoria and Rhizobium trifolit 
were destroyed at dosages of 1-2 Ib. per 100 cu. ft., Pseudomonas tomato occurring 
in shallow lesions on tomato fruits and several spore-forming bacteria occurring 
in the soil were not destroyed at dosages of 4 lb. per 100 cu. ft. The benefits 
derived from the fumigation of a sandy loam compost soil with methyl bromide 
were reflected not only in the freedom of vegetable seedlings from disease but 
also in their increased and uniform growth. Some vegetables showed greater 
growth in fumigated than in steam-sterilized soil, whereas others showed the 
opposite effect. 


Introduction 


The purpose of the present investigation was to determine the feasibility of 
using methyl bromide for sterilization of compost soils used in the propagation 
of vegetables under glass. 

In Ontario, soil sterilization with steam for the primary purpose of destroy- 
ing soil-borne plant parasites is widely used in the commercial culture of 
vegetables and other crops grown under glass. Even when vegetables are 
grown under glass during the seedling stage only, most growers appreciate the 
importance of seeding in sterilized soil to prevent damping-off. Although 
most large greenhouse establishments are equipped to sterilize their soils by 
steaming, a high percentage of the smaller units lack such facilities. It 
appears then that an effective and an economical alternative treatment that 
would destroy soil-borne pathogens without rendering the soil medium 
unfavorable for plant growth would be of real benefit to growers of vegetable 
and other greenhouse crops. 

For several years methyl bromide, as a fumigant, has been known to possess 
important insecticidal properties (4, 7). More recently, its effective nemato- 
cidal, fungicidal, and weed-destroying properties have been established (3, 6, 
12). Newhall and Lear (9), in New York, reported that methyl bromide 
(pure liquid) at the rate of 11 ml. per cu. ft. gave satisfactory control of 


1 Manuscript received July 28, 1953. 
Contribution No. 1304 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 
2 Plant Pathologist, Laboratory of Plant Pathology, Harrow, Ontario. 
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damping-off and of weeds in compost soil treated in gas proof containers held 
at temperatures of 48° to 60° F.; also, that Dowfume G (10% methyl bromide), 
at 50 ml. per cu. ft., controlled damping-off. Control with Dowfume G was 
most effective when the soil was covered with a gas proof tarpaulin. They 
reported also that sclerotia of Sclerotinia sclerotiorum (Lib.) de Bary were 
destroyed by these treatments provided that the sclerotia were soaked in 
water for a few hours prior to fumigation. Lear (6), in later tests, reported 
methyl bromide to be less effective in muck than in sandy soil. Swank (11) 
in Florida reported Dowfume MC-2 (98% methyl bromide and 2% chloro- 
picrin) to be highly effective in controlling damping-off and root rot caused by 
species of Rhizoctonia, Pythium, and Fusarium in celery seedbeds. Stover 
and Koch (10) reported that the fumigation of muck soils with Dowfume MC-2 
at a dosage rate of 2 lb. per 100 cu. ft. was sufficient to destroy all soil-borne 
tobacco pathogens, and that damping-off fungi and most weeds were destroyed 
at dosages of less than 1 Ib. per 100 cu. ft. They reported also that tobacco 
seedlings appeared to benefit from soil fumigation with methyl bromide by 
virtue of a growth-stimulating effect apart from the destruction of specific 
soil-borne pathogens. More recently, Wensley (13) in a comparative study 
of the effect of three soil fumigants, namely: methyl bromide, ethylene 
dibromide, and a dichloro—propane—propene mixture, upon the soil microflora 
showed methyl bromide to have considerable bactericidal and actinomycidal 
as well as excellent fungicidal and nematocidal properties. Although his 
findings showed that methyl bromide fumigation destroyed many soil-inhabit- 
ing fungi and bacteria, only a few of those included in his tests were important 
plant pathogens. 

In this paper, data are presented on the destruction of several soil-borne 
plant pathogens and certain other organisms frequently harbored in or on the 
soil during part of their life history, together with the effect of treatment 
upon subsequent growth of vegetable seedlings. 


Experimental Methods 


Soil fumigation tests were conducted in the greenhouse at various times of 
the year in 1951 and 1952. For most of the tests a greenhouse compost soil 
consisting of four parts fine sandy loam soil, one part muck, and one-half 
part manure was used. The treatment of small quantities of soil used later 
to fill a small number of flats was carried out in metal cans of 1.4 cu. ft. 
capacity. As shown in Fig. 3, the equipment and methods used for metering 
the required amount of methyl bromide* into the cans of soil were essentially 
those described by Stover and Koch (10). The top of the can containing the 
soil to be fumigated was covered with ‘‘visqueen”’ plastic, the edges of which 
were sealed to the sides of the can with plastic tape. A tube from the 
applicator was placed under the plastic and into an 8-in. length of 1-in. pipe 
that led to the center of the soil. After applying the required dosage of the 
fumigant, the applicator valve was closed, the tube was withdrawn from the 


* The material used was Dowfume MC-2 containing 98% methyl bromide and 2% chloropicrin. 
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can, and the opening was sealed. At the expiration of the treatment period 
the soil was transferred to flats that had been sterilized previously with steam. 
These flats of soil were then placed on a greenhouse bench for an aeration 
period of 48 hr. Soil temperatures in the greenhouse during the treatment 
period varied from 70°-80° F. With the exception of one test that will be 
described later, the soil used in these fumigation tests contained a moderately 
low amount of moisture. 

Larger quantities of soil were fumigated on a ground bed in the greenhouse 
as shown in Figs. 4and 5. The desired area of soil was covered with a plastic 
sheet the edges of which were placed in a trench and covered with soil. Methyl 
bromide was released from 1 Ib. tin containers by means of a “‘Jiffy’”’ applicator 
and was led through plastic ‘Saran’ tubing into the enclosed area. The 
liquid flowed into a low metal container beneath the plastic cover, where it 
vaporized. The fumigation of large greenhouse beds was done similarly by 
covering the bed with long sheets of “‘visqueen’”’ plastic. A more detailed 
description of fumigation of large areas is given by Dieter and Coulter (3). 


Experimental Results 


A. Destruction of Fungi Causing Damping-off in Pepper and Eggplant by 
Fumigation of a Compost Soil 

In a preliminary experiment, excellent control of damping-off in eggplant 
was obtained when a naturally infested sandy loam compost soil was fumigated 
with methyl bromide at the rate of 10 ml. per cu. ft. (approximately 4 Ib. per 
100 cu. ft.). The following experiment was set up to determine the effective- 
ness of lower dosages, i.e., between 1.6 and 10 ml. per cu. ft., upon the 
destruction of damping-off fungi. Although the greenhouse compost soil was 
known to be lightly infested with damping-off fungi, additional inocula of two 
fungi, namely: Pythium ultimum Trow and Rhizoctonia solani Kiihn, were 
added. The inocula from 12-day-old cultures grown on a sand-cornmeal 
medium were incorporated into the soil at the rate of 2% by volume. Pepper 
and eggplant were seeded in both the fumigated and nontreated soils. The 
results are presented in Table I. 


TABLE I 


THE EFFECT OF METHYL BROMIDE FUMIGATION ON THE INCIDENCE OF 
DAMPING-OFF IN PEPPER AND EGGPLANT SEEDLINGS 
GROWING IN INFESTED SOIL 


| Incidence of damping-off in 
Methyl bromide (ml. per cu. ft.) — 


| Pepper | Eggplant 
10 None None 
8 
¢ 
3 5 “ce “ 
1 6 
Check (no treatment) 65% | 35% 
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From the results, it is apparent that damping-off was controlled by even 
the lowest dosage (1.5 ml. per cu. ft., approximately 3 lb. per 100 cu. ft.) of 
methyl bromide used. In contrast, damping-off, caused by Rhizoctonia and 
Pythium, in eggplant and pepper amounted to 40 and 65%, respectively, in 
nontreated soil (Figs. 1 and 2). Whereas a variety of weeds grew in the 
nontreated soil (Figs. 1 and 2), only clover and mallow were found in the soils 
subjected to the methyl bromide treatment. Pyronema confluens (Pers.) Tul. 
was observed to grow on the surface of the soil in some of the flats treated 
with 3.5 ml. and higher dosages of methyl bromide. At the highest dosages 
the growth was as prolific as that often observed on steam-sterilized soil. 


B. Capacity of Methyl Bromide to Destroy R. solani as a Contaminant on Used 
Greenhouse Flats 

That Rhizoctonia solani, the ubiquitous fungus that is annually responsible 
for causing much damping-off of plants in commercial greenhouses, may be 
harbored in the boards of used greenhouse flats is generally known. Whereas 
steam sterilization of the flats usually eliminates this source of inoculum, other 
methods of sterilizing flats, such as the formaldehyde dip method, are often too 
unreliable to be recommended. The following test was conducted to deter- 
mine whether methyl bromide displayed sufficient penetrating power to kill 
the fungus in such a locus. 

Twelve used flats in which the boards were known to harbor R. solani were 
selected for this test. Of the twelve, eight were fumigated and four were not 
fumigated. Of the fumigated ones, four were filled with compost soil prior 
to fumigation, whereas the other four were left unfilled for the fumigation 
and were then filled with steam-sterilized soil. The four nonfumigated ones 
were also filled with steam-sterilized soil. After the usual aeration period 
had expired, 200 seeds of eggplant were planted in each flat of soil. The 
amount of damping-off in each flat was recorded and the results are presented 
in Table IT. 

As the results show, damping-off did not develop when the used flats were 
fumigated with methyl bromide. In the nonfumigated flats containing 
steamed soil, centers of damping-off originated without exception along the 
edges of the flat indicating that the wooden sides served as a source of inoculum. 


Fic. 1. Pepper seedlings growing in soil infested with damping-off fungi. The flat of 
soil on the left was treated with 1.5 ml. per cu. ft. of methyl bromide and damping-off was 
eliminated. Note the abundance of weeds in the check flat. 

Fic. 2. Eggplant seedlings growing in damping-off infested soil. The flat of soil on 
the right was treated with 1.5 ml. per cu. ft. of methyl bromide and damping-off was 
eliminated. 

Fic. 3. Apparatus used in fumigating small amounts of soil. 

Fic. 4. Pots of soil placed on a ground bed ready for covering and fumigation. 

Fic. 5. The pots of soil shown in Fig. 4 are covered with the plastic sheet, the edges 
of which are entrenched. The fumigant has been applied. 

Fic. 6. The tomato plant on the right was sprayed with Septoria lycopersici inoculum 
and shows an abundance of leaf spot infection. The plant on the left was sprayed with 
inoculum that was subjected to methyl bromide fumigation. Note absence of Septoria 
leafspot infections on this plant. 
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TABLE II 


THE EFFECTIVENESS OF METHYL BROMIDE FUMIGATION IN DESTROYING R. solani 
AS A CONTAMINANT OF USED GREENHOUSE FLATS 


Incidence of damping-off 
caused by R. solani 


Treatment of flats and soil 


Flats together with compost soil fumigated with methyl bromide None 
Flats fumigated with methyl bromide and filled later with steamed 

soil None 
Flats nonfumigated and filled with steamed soil Trace 


Thus, these results show that methyl bromide at the relatively low dosage 
rate of 1 Ib. per 100 sq. ft. was able to penetrate wooden flats, either when 
empty or when filled with soil, sufficiently to destroy R. solani. 


C. Comparative Effectiveness of Methyl Bromide in Destroying R. solani 
Sclerotinia sclerotiorum, and Fusarium oxysporum f. niveum 

Since R. solani and P. ultimum were destroyed in compost soil with methyl 
bromide at relatively low dosages, it seemed important to find out whether 
other pathogens such as Sclerotinia sclerotiorum (Lib.) de Bary, and Fusarium 
oxysporum {. nivem (E.F.S.) Sny. & Hans. could likewise be destroyed. The 
capacity of methyl bromide to destroy S. sclerotiorum was determined in the 
following manner: old Petri plate cultures of the fungus containing sclerotia, 
in which the agar was desiccated were used. Prior to burying these cultures 
about 2 in. deep in the soil to be fumigated, each Petri plate lid was removed, 
inverted under the bottom part, and then the whole unit was loosely wrapped 
in a small sheet of newspaper. At the expiration of the fumigation treatment, 
the Petri plates were disinterred and the lids were replaced carefully to prevent 
contamination. After removal of these plates to the laboratory 10 sclerotia 
were transferred from each to freshly poured plates of potato dextrose agar. 
In the same manner, sclerotia from nonfumigated plates were similarly trans- 
ferred. Also, to compare the efficacy of methyl bromide in destroying 
R. solani and F. oxsporum {. niveum the soil was inoculated with sand—cornmeal 
cultures of both fungi. The soil was treated with methyl bromide at dosages 


Fic. 7. Muskmelon seedlings growing in fusarium wilt-infested soil. The soil in flat 
on the left was not treated. The flats of soil in the center and on the right were fumigated 
with 1.5 and 4.3 ml. per cu. ft. of methyl bromide, respectively. Note absence of wilt 
in flat at right. 


Fic. 8. Cucumber seedlings growing in damping-off infested soil. Nontreated soil in 
flat on the left, fumigated soil in flat in center and steam-sterilized soil in flat on the right. 
No damping-off occurred in the fumigated or steam-sterilized soils. Best early growth 
occurred in the fumigated soil. 

Fic. 9. Cabbage seedlings growing in damping-off infested soil. Nontreated soil in 
the flat on the left, fumigated and steam-sterilized soil in the flats in the center and on the 
right, respectively. No damping-off occurred in either the fumigated or steamed soil. 
The best growth occurred in the steamed soil. 
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of 1.5, 4.3, 5.7, and 8.0 ml. per cu. ft. One hundred seeds of muskmelon 
(var. Hoodoo) were planted in each of three flats of soil from each treatment 
and also in the nonfumigated control. It was occasionally found necessary to 
transfer diseased seedlings to water cultures and examine them later micro- 
scopically to determine which pathogen caused their death. The results are 
presented in Table III. 


TABLE III 


THE EFFECTIVENESS OF METHYL BROMIDE FUMIGATION IN DESTROYING S. sclerotiorum, 
F. oxysporum {. niveum, AND R. solani IN COMPOST SOIL 


Dosage of methyl % incidence in muskmelons 
bromide 
(ml. per cu. ft.) 


| 
| 
Mortality of sclerotia | 


of S. sclerotiorum* Postemergence 


Fusarium wilt damping-off (R. solanz) 


8.0 Complete None None 

5 7 “ “ “ 

4 3 “ 

“ 60 “ 
Check (nontreated) None 66 25 


* Bacterial colonies frequently developed on the agar around many of the sclerotia subjected to 
methyl bromide fumigation. 


An examination of Table III shows that the sclerotia of S. sclerotiorum were 
destroyed by methyl bromide fumigations at even the lowest dosage (approx. 
2 lb. per 100 cu. ft.). Similarly, R. solani was destroyed at the same low 
concentration. In contrast, the muskmelon fusarium wilt fungus survived 
almost completely the lowest dosage of 1.5 ml. per cu. ft. but was completely 
destroyed at all higher dosages used (Fig. 7). Noteworthy was the observa- 
tion that some bacterial colonies developed on the plates of agar around some 
of the sclerotia that had been subjected to the highest concentrations of methyl 
bromide. Further tests showed that these bacteria had survived the methyl 
bromide fumigation and had not entered as contaminants following the 
fumigation treatment. 


D. The Destruction of Fungal and Bacterial Plant Pathogens in Nondecom posed 
or Partially Decomposed Host Substrate by Fumigation with Methyl Bromide 
Since a number of vegetable pathogens are reported to survive in the soil 
on host debris from one season to another, it seemed important to determine 
the lethal action of methyl bromide against plant pathogens in their host 
substrate. For these tests three common pathogens of pepper and tomato, 
namely: Septoria lycopersict Speg. (tomato leaf-spot), Pseudomonas tomato 
(Okabe) Starr (bacterial speck of tomato) and Xanthomonas vesicatoria 
Doidge (bacterial spot of tomato and pepper) were used. Tomato leaves, 
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yellowed or dead, showing an abundance of fruiting lesions of Septoria leaf- 
spot were placed in small cotton bags and were buried at a depth of 3 in. in 
cans of compost soil. Green tomato fruits heavily spotted with bacterial 
speck infections and mature pepper leaves heavily infested with bacterial 
spot were similarly handled. The cans of soil were fumigated with methyl 
bromide at rates of 1.5, 3.8, 6, and 10 ml. per cu. ft. After fumigation, the 
test inoculum of S. lycopersici and P. tomato, prepared by making an aqueous 
suspension of crushed, infected host tissue, was used to spray thoroughly 12 
healthy, potted tomato plants 15 in. high. Test inoculum of X. vesicatoria 
was sprayed upon 12 healthy, potted pepper plants 12 in. high. The sprayed 
plants were incubated in a moist chamber for 48 hr. and were then transferred 
to a greenhouse bench for eight days before infection readings were taken 
(Fig. 6). Adequate checks were maintained. The results are summarized 
in Table IV. 
TABLE IV 
THE EFFECTIVENESS OF METHYL BROMIDE FUMIGATION IN DESTROYING Septoria lycopersict, 


Pseudomonas tomato, AND Xanthomonas vesicatoria IN NON - 
OR PARTIALLY - DECOMPOSED HOST TISSUE 


Infection of tomato plants Infection of pepper 


| plants sprayed with 


Dosage of methyl 


bromide Sprayed | Sprayed 
(ml. per cu. ft.) | with S. lycopersici | with P. tomato x. 
inoculum 
| inoculum | inoculum 
| 
10 | None Heavy None 
6 “ “ 
3.5 “ | “ 
| | Trace 
Check Heavy | ay Heavy 


Reference to Table IV shows that S. lycopersici did not survive any of the 
four fumigation treatments. X. vesicatoria was not completely destroyed at 
the lowest dosage of 1.5 ml. per cu. ft. but did not survive where higher 
dosages were applied. In contrast, even the highest dosages of methyl 
bromide were ineffective in destroying P. tomato. To what extent the survival 
of P. tomato was due to the inability of methyl bromide to penetrate the 
lesions of the tomato fruit sufficiently to make contact with the bacteria was 
not investigated. 


E. Effect of Methyl Bromide upon the Development of Rhizobium trifolit 
Dangeard 
Incidental to the testing of the lethal action of methyl bromide against 
bacterial and fungal plant pathogens it was noted that the germination of 
red clover seed was not much reduced by exposure to dosages of 10 ml. per 
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cu. ft. At the same time, the observation was also made that root nodules 
were less prevalent at the higher than at the lower concentrations. This 
experiment was conducted to determine the effect of various concentrations 
of methyl bromide upon root nodule development in red clover. Prior to 
fumigation sufficient red clover ‘seeds to fill a small vial were sprinkled over 
the soil in each can. Nodule counts were made on the roots of 50 plants 
30 days after seeding. The results of this experiment are shown in Table V. 


TABLE V 


EFFECT OF METHYL BROMIDE UPON THE DEVELOPMENT OF 
Rhizobium trifolit ON CLOVER ROOTS 


Dosage of methyl bromide, | Average number of nodules per 
ml. per cu. ft. root at end of 30 days 


uw 
o 
i=) 


3.5 | 16.1 
1.5 | 18.6 
Check (no treatment) 18.5 


It is evident that the numbers of root nodules were not appreciably 
reduced until dosages of methyl bromide greater than 3.5 ml. were used. At 
the 5.3 ml. dosage (approx. 2 Ib. per 100 cu. ft.) an average of less than one 
nodule per root was recorded as compared with 18.5 in the check. Nodules 
did not appear on roots exposed to the 8 ml. dosage. All nodules that 
developed on the clover roots both in the fumigated and nonfumigated soil 
were pinkish in color, thus indicating that the treatment had induced no 
apparent change in the causal bacterium. 


F. The Effect of Soil Moisture upon the Lethal Action of Methyl Bromide 
against Fungal Pathogens 

Newhall and Lear (9) reported that methyl bromide fumigation would 
destroy the sclerotia of S. sclerotiorum provided that the sclerotia were soaked 
in water a few hours prior to fumigation. Wensley (13) found that variations 
in soil moisture failed to alter the efficiency index of methyl bromide, so far 
as the destruction of fungi was concerned. In view of these somewhat con- 
flicting findings it seemed pertinent to report the findings of the writer on the 
influence of soil moisture upon the destruction of fungal pathogens with 
methyl bromide. 

For this experiment sufficient sandy loam compost soil to fill four cans was 
separated into two equal portions. One portion was allowed to become 
completely dry while the other portion was kept moderately moist. To the 
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dry and moist soil portions were added equal amounts of inocula of F. oxy- 
sporum f. niveum and R. solani. For fumigation, two cans were filled with 
soil of each type and small cotton bags containing tomato leaves infected with 
S. lycopersict were buried 2 in. deep in the soil. In addition, Petri plate 
cultures of S. sclerotiorum, in which the agar was almost dried up, were buried 
in the soil as reported in a previous experiment. Following the 48 hr. aeration 
period after fumigation the flats containing the two types of soil were seeded 
with muskmelon. The incidences of fusarium wilt and damping-off were 
recorded. Other tests for the survival of pathogens outlined previously were 
made. The results are tabulated in Table VI. 


TABLE VI 


THE EFFECTIVENESS OF METHYL BROMIDE IN DESTROYING FUNGI IN DRY AND MOIST SOILS 


| 
% incidence in muskmelons % survival of 
Dosage of methyl |— 
bromide | Postemergence Fusarium wilt of 
(ml. per cu. ft.) | S. lycopersici 
| 
Dry soil 1.5 | None 69.1 20 None 
4.3 = None None 
Moist soil 1.5 | “ 80 80 « 
4.3 | None None 
| 
Check (no treatment) | 50 100 100 100 
| 


The results show that soil moisture had little influence upon the effectiveness 
of methyl bromide, at the two concentrations used, in destroying fungal 
pathogens. So far as the survival of the sclerotia of S. sclerotiorum was 
concerned, there was some indication that the chemical was more effective 
in dry soil than in moist soil. It should be mentioned that this was the only 
experiment of several conducted in which the sclerotia survived the 1.5 ml. 
dosage. The reason for its partial survival in this experiment was not evident. 
As was observed in a previous experiment, the muskmelon fusarium wilt 
fungus required higher concentrations of methyl bromide for its destruction 
than did R. solani. It was also observed that the moisture content of the 
soil had no apparent effect upon the lethal action of methyl bromide against 
clover seed. 


G. The Lethal Action of Methyl Bromide Fumigation upon Microflora of a 
Sandy Loam Compost Soil 
The fact that soil fumigated with medium high dosages of methyl bromide 
often supported a prolific growth of Pyronema confluence (Pers.) Tul., a fungus 
that grows on soil after fire or steaming where competition is temporarily 
eliminated, suggested that fumigation was effecting a partial sterilization of 
the soil. To determine the extent of the lethal action of methyl bromide 
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against other microfloral components, the following test was conducted. A 
few grains of fumigated soil were picked up on a sterile inoculating needle and 
sprinkled over the surface of plates of potato dextrose agar. In the same 
manner other agar plates were seeded with nonfumigated soil particles. For 
this fumigation test methyl bromide was used at the rate of 7.5 ml. per cu. ft. 
of soil (approx. 3 Ib. per 100 cu. ft.). 


Whereas not a single fungus colony developed in the plates containing the 
fumigated soil particles, many common soil fungi developed on the soil 
particles in the checks. Although the destruction of the fungus population 
of the soil seemed to be complete, several colonies of actinomycetes developed 
around many of the treated soil particles, as did also several colonies of 
bacteria. Microscopic examination of stained mounts showed that the 
bacterial types that survived the fumigation treatment were sporeformers. 


H. The Fumigation of Muck Soil for the Destruction of Fungi Pathogenic to 
Onion Seedlings 

Lear (6) reported Dowfume G (10% methyl bromide) to be relatively 
ineffective in destroying the root-knot nematode in muck soil, although it 
afforded good and excellent control in clay and sandy soils, respectively. 
Wensley (13) found that the critical exposure period for the destruction of 
fungi was lengthened in a peat soil high in organic matter. Chisholm and 
Koblitsky (2) found that dry peat ‘‘sorbed” 41% of the fumigation charge of 
methyl bromide or about four and one-half times as much as sand. The 
following experiment was set up to determine the effectiveness of methyl 
bromide fumigation of muck soil in the destruction of fungi pathogenic to 
onion seedlings. 

The muck soil was obtained from a peat marsh that had been in onion 
culture for 30 years and was known to be heavily infested with onion smut 
(Urocystis cepulae Frost), as well as Pythium sp. and Fusarium sp. that cause 
root decay of onions. Cans filled with muck soil of moderate moisture were 
treated at the rate of 1.5, 2.9, 4.3, and 5.7 ml. per cu. ft. After the 24 hr. 
treatment period the soils were transferred to sterilized flats. Immediately 


TABLE VII 


THE EFFECTIVENESS OF METHYL BROMIDE FUMIGATION IN DESTROYING 
Urocystis cepulae, Pythium sp., AND Fusarium SP. IN MUCK SOIL 


Dosage of methyl Percentage of Incidence of root rot caused by 
bromide, seedlings showing 
ml. per cu. ft. smut, U. cepulae Pythium sp. Fusarium sp. 
ee 0.0 None None 
4.3 0.0 None Slight 
2.9 | Trace Moderate 
1 28.4 Slight Severe 
Check (nontreated) 32.0 Moderate Severe 
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following a 48 hr. aeration period 200 Spanish onion seeds were planted in 
each of three flats in the various treatments and in the nontreated check. 
Records of damping-off and the incidence of other diseases that occurred in 
the different treatments are summarized in Table VII. 


From the results obtained it was apparent that of the two types of fungi 
causing root rot, the Fusarium sp. required a higher dosage of methyl bromide 
for its complete eradication than did the Pythium sp. It was observed that 
the Fusarium sp. produced an abundance of chlamydospores. The suscepti- 
bility of U. cepulae to methyl bromide would appear to be of the same order 
as that of Pythium sp. A comparison of the results of this test with those in 
a previous experiment, where sandy loam soil was fumigated, shows that 
higher concentrations of methyl bromide were required to destroy the Pythium 
sp. and Fusarium sp. present in muck soil than similar types of organisms 
found in sandy loam soil. The absence of any odor of the fumigating gas 
when the muck soil was uncovered after the confinement period, as compared 
with the strong odor always present after fumigation of a sandy loam soil, 
indicated a much greater absorption of the gas by the muck soil. 


I. The Growth of Eggplant Seedlings in Compost Soil Heavily Fertilized Prior 
to Fumigation 


Stover and Koch (10) reported one instance of a serious stunting and root 
injury of tobacco seedlings grown in a heavily fertilized muck soil that had 
been fumigated with methyl bromide. To determine whether the observed 
stunting of the early growth of eggplant seedlings caused by excessive fertiliza- 
tion of compost soil would be accentuated by fumigation, the following 
experiment was designed. The compost soil in two of four cans was fertilized 
at the rate of 4 oz. per cu. ft. of soil with a 4-8-10 commercial fertilizer. One 
can of soil of both the fertilized and the nonfertilized series was fumigated 
with methyl bromide at the rate of 10 ml. per cu. ft. (approx. 4 Ib. per 100 
cu. ft.). After a postfumigation aeration period of 48 hr., the four different 
series were planted with eggplant. The germination and subsequent growth 
of plants was observed and the results are presented in Table VIII. 


TABLE VIII 


THE EFFECT OF FUMIGATION OF HEAVILY FERTILIZED SANDY LOAM 
COMPOST SOIL UPON GROWTH OF EGGPLANT SEEDLINGS 


Treatment of soil 


Average weight* of plants, in gm. 


Fertilized and fumigated 115 
Fertilized only | 76 
Fumigated only 142 

82 


Check (no treatment) | 


* Wt. in gm. of 100 plants, obtained by averaging the wt. of all plants 
from three flats in each treatment. 
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The experimental results, as recorded in Table VIII, show that growtn ot 
eggplant seedlings in soil that received fertilizer only was inferior to that 
produced in nonfertilized soil, thus indicating that the application of fertilizer 
was too heavy for optimal seedling growth. The greatest growth occurred in 
the fumigated soil and was approximately twice that produced in the non- 
treated soil. The increased growth in the soil that was both fumigated and 
fertilized as compared with growth in the soil that received fertilizer only 
shows that the stunting due to excessive fertilization was not accentuated 
by fumigation. 


J. The Effect of Soil Fumigation upon the Subsequent Growth of Vegetable 
Seedlings 


Although the results of previous experiments showed that methyl bromide 
was capable of destroying several plant pithogens and many other organisms 
indigenous to a sandy loam compost soil, it would szem essential to determine 
the effect of soil fumigation upon the growth of different vegetable seedlings. 
With this objective the comparative seedling growth of several vegetables 
grown in fumigated, steam-sterilized, or nontreated soil was studied. Some 
of these tests were conducted during the autumn and winter months when 
growth was slow, whereas others were conducted during spring and summer, 
when growth was rapid. In these tests methyl bromide was used at the 
relatively high dosage rate of 3-4 lb. per 100 cu. ft. of soil. The vegetables 
were seeded in flats of soil and the final observations and growth responses 
were appraised before the young plants showed any evidence of nutritional 
deficiencies. The results are summarized in Table IX. 


TABLE IX 


COMPARATIVE SEEDLING GROWTH OF CERTAIN VEGETABLES IN NONTREATED, 
STEAM-STERILIZED, OR FUMIGATED SOIL 


Wt.* of plants (gm.) in soil 


Kind of vegetable | experiment Fumigated Ste: ated** 
| with M. Br. »team-sterilizec Nontreatec 
Cucumber Dec. - Jan. 369 306 301 
Muskmelon ' Oct. -— Dec. 195 133 130 
Muskmelon | Aug. Sept. | 480 410 
Cabbage | Dec. — Jan. 123 127 113 
Lettuce Jan. | 149 160 | 176 
Celery | Dec. — Feb. 267 277 234 
Eggplant May - June | 134 | 142 80 
Eggplant | Mar.- Apr. | 9? 95 59 
Pepper | Apr. - May | 168 | 180 145 


Cauliflower | Oct. -— Nov. | 112 | 119 88 


* Wt. in gm. of 100 plants, obtained by averaging the wt. of all the plants from three flats in 
each series. 


** No weeds were allowed to grow in the flats of nontreated soil. 
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Table IX discloses that the vegetables varied in their response to the 
treatments. Although all vegetables made greater growth in the steam- 
sterilized and fumigated soil then in the nontreated soil, some benefitted from 
a partial sterilization of the soil more than others. Whereas cucumber and 
muskmelon showed greater growth in the fumigated soil than in the steamed 
soil, cauliflower, cabbage, lettuce, celery, and pepper showed the opposite 
effect. Comparative development of cucumber and cabbage seedlings in 
nontreated, fumigated, and steam-sterilized soil may be seen in Figs. 8 and 9. 
Of the vegetables tested, eggplant appeared to benefit most from soil steriliza- 
tion. Noteworthy was the observation that the foliage of every vegetable 
showed a darker green color when grown in steamed soil than when grown in 
nontreated soil. In contrast, the color of the foliage of vegetable seedlings 
grown in the fumigated and nontreated soil was identical, even where there 
was a marked increase in growth in the former soil. 


K. The Growth of Pepper and Cucumber Seedlings when Transplanted into 
Fumigated Soil 

Several other tests were conducted in which the growth of pepper seedlings 
was studied where they had been transplanted into ground beds in which the 
soil was treated as described in the previous experiment. The early growth 
of pepper plants was invariably greater in steamed than in the fumigated soil. 
In contrast, a growth difference was scarcely discernible when similar tests 
were conducted in flats of soil on greenhouse benches. Possibly better 
aeration of the soil or leaching of toxic substances in the latter may explain 
these different results. As was observed in the previous experiment, the 
foliage of the pepper plants was of a darker green color in the steamed soil 
than in the fumigated soil. 3 

Cucumbers, unlike peppers, showed no retardation in early growth when 
transplinted into fumigated soil in ground beds. Furthermore, the plants 
grown in the fumigated soil showed complete absence of root-knot nematode 
injury, as well as root rot and foot rot. 


Discussion and Conclusion 


The results obtained from this study showed that fumigation of a sandy 
loam compost soil with methyl bromide was not only effective in destroying 
the important soil-borne plant pathogens, dealt with in this investigation, but 
almost completely destroyed the microorganisms of the soil at high concentra- 
tions. As earlier workers (3, 6, 9, 10), have found, with the exception of 
species of clover and mallow, weeds that normally became troublesome in the 
seedbed were also destroyed by the treatment. Despite the disadvantage of 
having to use this fumigant under a gas-proof cover, thus limiting its applica- 
tion to relatively small areas, it would appear to be a useful treatment in the 
preparation of vegetable seedbed soils where steaming facilities are not 
available. 
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The differential response of the microfloral components of the soil to methyl 
bromide has been noted in this study. In general, fungi were destroyed at 
lower concentrations of methyl bromide than were actinomycetes and bacteria. 
Wensley (13) also found methyl bromide to be less effective as an actinomycide 
and as a bactericide than as a fungicide. Although a considerable range in 
resistance to the lethal action of methyl bromide was found within the fungal 
and bacterial groups, the range of variability was broader in the latter. 
Whereas some bacteria were almost completely destroyed at dosages of less 
than 1 lb., some spore-forming types were not destroyed with dosages of 4 Ib. 
per 100 cu. ft. In contrast, tests conducted at this laboratory showed that no 
fungus survived methyl bromide fumigation for a 24 hr. period at the dosage 
rate of 2 Ib. per 100 cu. ft. in sandy loam soil. However, the recent findings 
of Mai, Lear, Boothroyd (8) that Fusarium sambucinum Fckl. was not 
destroyed at a dosage of 6 lb. per 100 cu. ft. show that fungi display an even 
greater variability to the lethal action of methyl bromide than has been 
revealed from the studies at this laboratory. By virtue of the differential 
response of the various microfloral soil components to methyl bromide, this 
fumigant might be used advantageously in the elucidation of root rot com- 
plexes. Along with other selective fumigants and sterilizing agents its use at 
such a rate as to destroy specific pathogens or suspected pathogens may 
thereby not only reveal the primary causal organism, but may also shed some 
light upon the interrelationship of microorganisms in such complexes. 

The net result of fumigated soil on plant growth is determined by the 
combination of several beneficial and injurious influences which are produced 
by the process. That the beneficial influences outweight the injurious ones 
was reflected by the increased growth of vegetable seedlings. That some 
vegetables derived greater benefit than others was shown in their respective 
growth responses. Johnson (5) found that different plant species varied 
likewise in their response to the toxic substances produced in steamed soil. 
The reason for the stimulated growth of plants resulting from partial steriliza- 
tion of the soil, both by heating and by fumigation, has been the subject of 
much research. In view of the lack of precise information as to the nature 
and the magnitude of the chemical changes in the soil induced by methyl 
bromide fumigation, it is not known whether part of the increased growth can 
be attributed to the increased nutrients available or whether it is due entirely 
to the elimination of the soil-borne pests. Aldrich and Martin (1) from a 
study of the chemical and microbial changes produced by partial sterilization 
of four different soils with five volatile fumigants concluded that the stimula- 
tion of citrus plants grown in fumigated old citrus soils could not be attributed 
to increased nutrient availability. In the present study it was found that the 
legume nodule bacteria were completely destroyed at dosages of methyl 
bromide that exceeded 2 Ib. per 100 cu. ft. of soil. Wensley (13) found that 
methyl bromide fumigation suppressed the nitrifying group of bacteria more 
than the ammonifying group, a condition that would lead to a reduction of 
nitrate nitrogen relative to ammonia nitrogen. Thus, on the basis of current 
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information pertaining to the nitrogen requirement of plants, the changes in 
the soil nitrogen brought about by fumigation would be regarded as being 
unfavorable for plant growth. It was noted in this study that the green 
color of the foliage of seedlings grown in fumigated and nontreated soil was 
the same. In contrast, plants grown in steamed soil showed a darker green 
cast than the former, this condition being indicative of greater nitrate 
absorption than in either the fumigated or nonsterilized soil. If part of the 
increased growth in fumigated soil is to be explained on the basis of increased 
nutrients made available by fumigation, unless ammonia nitrogen is used more 
extensively by seedlings than has been indicated heretofore, elements other 
than nitrogen must be responsible. On the other hand, if the increased plant 
vigor and growth of vegetables in fumigated soil is to be explained entirely 
on the basis of elimination of soil-borne pests, then, in view of the different 
responses of those vegetables under test, it must be assumed that the growth 
of each vegetable is not impeded to the same extent by these pests. Different 
species of plants are known to show varying degrees of susceptibility to damp- 
ing-off and other pathogens attacking in the seedbed, therefore differences in 
growth response of the magnitude observed in this investigation might 
be expected. 
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THE GENUS DURANDIELLA'! 
By J. WALTON Groves? 


Abstract 


The genus Durandiella, founded on Peziza fraxini Schw., includes a group of 
inoperculate Discomycetes occurring on twigs and branches of woody plants. 
The apothecia are flat, black, very hard in consistency, and have eight-spored 
asci with filiform ascospores. All of the species have subfiliform conidia of 
similar form, but the form of the conidial fruiting body varies in different species. 
Nine species are included in the genus of which two are described as new species, 
and new combinations are created for five. 


Introduction 


During the course of a study of the genus 7'ympanis and related species, 
some fungi were encountered that were very similar to Tympanis in gross 
appearance but differed in having eight-spored asci with filiform ascospores. 
Some of these had received names in Tympanis, but on the basis of the asci, 
ascospores, and conidia, they are sharply separated from species of Tympanis. 
In culture they do not produce any budding stage as in Tympanis but develop 
ordinary mycelium. It is considered that they form a natural group for which 
the correct generic name is Durandiella Seaver. Up to the present only two 
species have been placed in Durandiella but it is now possible to add seven 
more. 

Rehm (1913 (17) ) was the first to recognize the combination of characters 
of Tympanis-like apothecia and filiform ascospores as worthy of generic 
distinction and erected the genus Durandia based on Peziza fraxini Schw. 
von Héhnel (1918a@ (11) ) pointed out that Durandia Rehm was a later 
homonym of Durandia Boeck., but he took the view that Peziza fraxini should 
be interpreted as a Godronia and transferred it to that genus. 

Seaver (1932 (20) ) proposed the new name Durandiella to replace the 
illegitimate Durandia Rehm, but he did not make the combination Durandiella 
fraxini at that time. 

Groves (1937 (5) ) added a second species occurring on Nemopanthus, 
D. nemopanthis (Peck) Groves. 

Seaver (1945 (21) ) abandoned the genus Durandiella and also referred 
Peziza fraxini to Godronia, making the combination G. fraxini (Schw.) Seav., 
although this was a later homonym of G. fraxini (Schw.) v. Héhn. He also 
incorrectly ascribed the combination Durandia fraxini to Groves (1937 (5) ) 
rather than to Rehm (1913 (17) ). 

Seaver (1951 (22) ) took up the genus Durandiella again and this time 
actually made the combination D. fraxini (Schw.) Seav., although he retained 
D. nemopanthis in Godronia and treated Durandiella as monotypic with 
D. fraxini as the only species. 


1 Manuscript received July 28, 1953. 

Contribution No. 1305 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 
2 Principal Mycologist, Ottawa. 
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Since five of the nine species now considered to belong in Durandiella have 
been placed in Godronia at one time or another and Nannfeldt (1932 (13) ) 
treated Godronia Moug. and Durandia Rehm as synonyms of Scleroderris, it 
is necessary to emphasize the differences between these genera. 

When the genus Godronia was erected it was monotypic, being based on 
G. muhlenbeckii Moug. & Lév. occurring on Phragmites communis. It is, 
therefore, obligatory to accept G. muhlenbeckii as the type of the genus. 
Rehm (1889 (16) ) did not do this. He included a number of other forms in 
Godronia of which G. urceolus (Fr.) Karst. may be regarded as typical and 
relegated the type species to a subsection. This treatment, although not 
permissible under present Rules, has been responsible for the later concepts 
of Godronia. Clements and Shear (1931 (1) ) accepted G. urceolus as the type 
of Godronia. It seems evident that the authors who placed these Durandiella 
species in Godronia had in mind as type of the genus, G. urceolus rather than 
G. muhlenbeckiit. Nannfeldt (1932 (13) ) chose Scleroderris as the valid generic 
name for this group of species, and included Godronia as a synonym. In my 
opinion Godronia should be maintained as a distinct genus with G. muhlen- 
beckii as the only species. It is quite different from the group of species 
represented by G. urceolus. 

The name G. urceolus is at present being used for a group of diverse forms 
which should be recognized as distinct species. Since it is planned to treat 
this group intensively in a later paper, it is not proposed to go into detail con- 
cerning them at present. Suffice it to point out that in form, consistency, and 
tissue structure of the apothecia, they differ profoundly from the species placed 
in Durandiella. A considerable number of these species have been studied in 
culture and there is a definite correlation between the type of conidia belonging 
to apothecia of the Durandiella type and the type of conidia belonging to 
apothecia of the G. urceolus type. Because of these differences in apothecia 
and conidia it is considered necessary to maintain Durandiella with D. fraxini 
as the type species, generically distinct from the group of species represented 
by G. urceolus. It would appear that Crumenula de Not. is the correct name 
for this group, for Crumenula was monotypic and based on Cenangium urceolus 
Fries, whereas in the same paper de Notaris only provisionally separated 
Scleroderris from Cenangium and made no combinations in Scleroderris. The 
type species of Scleroderris is Cenangium ribis Fr. which I consider to be con- 
generic with C. urceolus Fr. Crumenula was, therefore, legitimately established 
prior to Scleroderris. 


Apothecia 


The apothecia of Durandiella species are mostly rather small, about 1 mm. 
or less in diameter. The largest species is D. rugosa in which they reach 2 mm. 
or slightly more, and the smallest is D. lenticellicola in which they do not 
reach 1mm. They are black when dry and usually more or less greenish when 
moist, nearly flat, sessile, narrowed below, usually more or less disc-shaped, 
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but in the cespitose species are often very irregular from mutual pressure in 
the clusters. They can scarcely be distinguished macroscopically from species 
of Tympanis. 

The growth habit varies from densely cespitose as in D. nemopanthis (Fig. 5) 
to nearly always single as in D. rugosa (Fig. 3). This character is often helpful 
in recognizing a species, but cannot be relied upon very strongly because 
considerable variation may occur in the same species. 


When dry they are very hard and horny in consistency. When they are 
moistened the hymenium becomes fleshy and the hypothecium somewhat 
cartilaginous. In this respect they are also very similar to Tympanis, but 
some of the Durandiella species are softer than Tympanis and approach the 
harder species of Dermea in consistency. 


The tissue structure is very similar in all the species. It is plecten- 
chymatous, composed of slender, interwoven hyphae embedded in a gelatinous 
matrix that appears to consist of the thickened walls of the hyphae. The 
excipulum is only slightly differentiated as an outer rindlike zone and a sub- 
hymenial zone is usually slightly differentiated. The tissue structure is very 
similar to that found in Tympanis species, but the subhymenial zone shows 
more differentiation and the tissue of the hypothecium is sometimes less 
compact. The paraphyses are hyaline, filiform, sometimes branched, with 
the tips slightly enlarged and embedded in a brownish, gelatinous matrix 
forming an epithecium. 


The asci are eight-spored and no tendency to become multispored has ever 
been observed. Seaver (1951 (22) ) in his generic diagnosis of Durandiella, 
stated that the asci became multispored as in T/ympanis, but it would seem that 
he confused Tympanis columnaris (Wallr.) v. Héhn., a true Tympanis in which 
the asci do become multispored, and Durandiella fraxini in which the asci do 
not become multispored. His generic diagnosis, as well as his description of 
D. fraxini, has evidently been compounded from these two distinct fungi and 
both diagnoses are incorrect. The ascospores are typically subfiliform to 
filiform, pointed at the ends, hyaline, variously curved, and usually septate. 
Both the size of the asci and the ascospores are important characters in distin- 
guishing species. 


Pycnidia 


Of the nine species described here, the genetic connection between the 
perfect and imperfect states has been established by cultural methods in five 
species. In three more species, conidial states of the same type have been 
observed in close association with the apothecia, and the genetic connection 
is presumed. Only in Durandiella rosae is the conidial state unknown. 

In Durandiella the correlation between the perfect and imperfect state is 
similar to that previously noted in Dermea by Groves (1946 (7) ) and in Pezicula 
by Groves (1939 (6) ).. That is, the form of the conidial spore is constant but 
the form of the conidial fruiting body varies considerably. 
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In all of the species the conidia are elongated, subfiliform to filiform, pointed 
at the ends, variously curved, and usually septate. The size and shape 
of the conidia are constant within a fairly definite range for each species and 
they are valuable in distinguishing species. They are very similar in form to 
the conidia of Micropera species, the conidial states of Dermea species, but 
whereas in Durandiella the conidia and ascospores are very similar in size 
and shape, in Dermea the ascospores are typically ellipsoid-fusiform and are 
unlike the conidia in shape. 

The conidial fruiting body in Durandiella fraxini (Figs. 2, 18), the type 
of the genus, is a cylindric to subulate, erect stroma, bursting through the 
bark either singly or in clusters. The stromata are black, hard, and spine- 
like and in this species occur in great abundance. There is an opening at 
the tip into an elongated cavity extending down through the beak to a more 
or less flask-shaped chamber. The chamber and the sides of the elongated 
cavity are lined with conidiophores. The conidial fruiting bodies of D. alni 
(Fig. 21) and D. viburnicola (Figs. 7, 19) are similar in form to those of D. 
fraxini, but are smaller and less conspicuous. 

In D. lenticellicola (Figs. 13, 20) the conidial fruiting bodies are super- 
ficially of the same form, but the cavity appears to be quite shallow and does 
not extend down through the beaklike stroma. Possibly under some condi- 
tions the cavity may become deeper and more elongated. 

In D. rugosa (Figs. 4, 22) and D. andromedae (Fig. 23) the stroma is not 
elongated, but rather thick and cushion-shaped with shallow cavities at the 
top that tear open irregularly and sometimes very widely. 

In D. seriata (Figs. 17, 23) the stroma is variable in size and shape, usually 


more or less rounded to subcylindric, and containing one or more irregular, — 


rather large cavities. This fruiting body is somewhat similar to the conidial 
states of Dermea cerasi (Pers. ex Fr.) Fr. and D. molliuscula (Schw.) Cash. 

In D. nemopanthis (Fig. 25) the conidial fruiting bodies are minute, more or 
less globose stromata containing a single cavity and tearing open irregularly 
at the top. They are extremely inconspicuous and very difficult to find. 

As noted above, the conidial states of Durandiella species are very similar 
to the conidial states of Dermea species. The conidia are the same shape in 
both genera and the conidial fruiting bodies show a somewhat similar range 
of variation as may be seen by a comparison of Figs. 18-25 with Figs. 27-41 
in Groves (1946 (7) ). 

Conidial states of Dermea species are usually considered to belong to the 
form genus Micropera, of which the type species is M. drupacearum Lév., the 
conidial state of Dermea cerasi (Pers. ex Fr.) Fr. Another species very similar 
to M. drupacearum in morphology is Gelatinosporium fuluum Pk., the conidial 
state of Dermea molliuscula (Schw.) Cash, for which no combination in 
Micropera is available at present. 

Peck (1873 (14) ) erected the genus Gelatinosporium based on G. abietinum 
and G. betulinum in that order, and G. fuluum was added later (Peck, 1885 
(15) ). G. abietinum is the conidial state of another Dermea, D. balsamea 
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(Peck) Seaver, but G. betulinum is the conidial state of Durandiella seriata. 
It is suggested that G. abietinum be designated as the type of Gelatinosporium 
and Gelatinosporium will then become a synonym of Micropera, which could 
be regarded as a form genus available for the conidial states of Dermea species 
if required. However, without reference to the perfect states, it is difficult to 
see any distinction worthy of generic rank between G. betulinum and G. fulvum, 
G. abietinum, or Micropera drupacearum. 

von Héhnel (1916 (10) ) erected the form genus Chondropodium based on 
C. spina (Berk. & Rav.) v. Héhn., the conidial state of Durandiella fraxint. 
This genus is available if names are needed for the conidial states of Duran- 
diella species, but the same difficulty is encountered in drawing a distinction 
between Chondropodium and Micropera. For example, the conidial fruiting 
bodies of Dermea viburni Groves are very similar in form to those of Duran- 
diella fraxini and were, in fact, included in the genus Chondropodium by 
von Héhnel (1916 (10) ) under the name C. hystricinum (Ell.) v. Héhn. 

The difficulty of making a distinction between Chondropodium and Micro- 
pera may be further illustrated by reference to Chondropodium pseudotsugae 
White, described by White (1936 (24) ). This fungus is probably the conidial 
state of either a Dermea or a Durandiella but it is impossible to predict which. 

Thus, if the form genera of the Fungi Imperfecti are to be based solely 
on their morphology, the conidial states of all Dermea species and all Duran- 
diella species must either all be placed in Micropera or split up into a number 
of genera without reference to their relationships as indicated by the apothecia. 
On the other hand, if the form genera are to express relationships, Micropera 
could be used for the conidial states of Dermea species and Chondropodium 
for the conidial states of Durandiella species. In this particular instance this 
procedure would be facilitated by the fortunate coincidence that the type of 
Micropera is the conidial state of the type of Dermea and the type of Chondro- 
podium is the conidial state of the type of Durandiella, but it would be neces- 
sary to define the form genera with reference to the perfect state. This would 
better express relationships, but it is doubtful whether it would be very useful 
in practice, and it is not proposed to make any new combinations in either 
Micropera or Chondropodium at this time. 


Cultural Studies 


Of the nine species described below, five have been cultured from both 
ascospores and conidia, one, D. seriata, has been cultured from conidia only, 
and three have not been studied in culture. These three are D. andromedae, 
D. rosae, and D. viburnicola. 


The cultures were grown for the most part on 2% malt extract agar and on 
sterilized twigs of the host, except that for D. rugosa no Oxydendrum twigs 
were available and it was grown successfully on twigs of Chamaedaphne. 

All of the species cultured except D. nemopanthis produced conidial fruiting 
bodies readily on both agar and twigs. D. nemopanthis produced a few — 
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conidial fruiting bodies on oatmeal agar and on sterilized lupine stems. The 
appearance of cultures of this species has been described in some detail by 
Groves (1937 (5) ). 

The cultures of D. lenticellicola are the most distinctive in appearance. 
They are brownish to whitish, very slow-growing, and form a firm, more or less 
heaped-up and radially furrowed colony. The aerial mycelium is appressed 
to short-tomentose or aggregated into erect tufts. Conidia are produced in 
tough-fleshy, rounded stromata which sometimes become more or less conical 
as in nature. 

The remaining four species, D. alni, D. fraxini, D. rugosa, and D. seriata, 
all produce whitish to pale buff, rather velvety, aerial mycelium, and have one 
striking feature in common, namely the production on malt extract agar of a 
bright red pigment. This pigment varies in intensity in different isolates. 
Usually it is more or less diffused into the medium, but sometimes the spore 
masses and the aerial mycelium are also bright red. 

It was the appearance in culture and especially the presence of this red 
pigment that first suggested that Gelatinosporium betulinum might belong to 
a Durandiella. When first collected it was thought to belong to a Dermea, but 
the cultures suggested a Durandiella and when it was found in herbarium 
specimens to be associated with D. seriata this conclusion was confirmed, 
although no cultures have been obtained from ascospores in this species. 

In all of these species the conidial fruiting bodies develop in culture as 
rounded, more or less globose stromata, tearing open widely at the top. In 
D. fraxini they sometimes become more or less columnar or conical on agar, 
and on sterilized twigs they typically develop as erect, columnar stromata, 
more massive than in nature and usually more or less brownish tomentose. It 
was observed on one occasion when a twig culture of D. fraxini became con- 
taminated with a species of Penicillium, that the pycnidia developed exactly as 
in nature, black, glabrous, and slender-conical. 

Additional evidence to justify the recognition of Durandiella as distinct 
from species of the Godronia urceolus group is provided by the appearance of 
these fungi in culture. The Durandiella species studied have all been rather 
slow-growing with short, compact, somewhat velvety, aerial mycelium, 
whereas a number of species of the Godronia urceolus group that have been 
studied in culture have produced a much more rapidly-growing mycelium that 
is more loose and fluffy and typically shows more or less greenish color. 


Distribution 


As far as present knowledge goes, the genus appears to be predominantly 
North American. The only species known with certainty to occur in Europe 
is D. seriata although, as noted in the discussion of D. alni below, it is possible 
that this species may be found in Europe also. For the most part the species 
are rare, D. fraxini being the only one that has been frequently collected and 
is well known. However, it is not difficult to find D. nemopanthis and D. lenti- 
cellicola if a careful search is made for them. Twoof the species, D. andromedae 
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and D. rosae appear to be unknown since the original Schweinitz collections. 
The species in general are too poorly known to permit of any accurate knowl- 
edge of their distribution. 


Taxonomy 


Durandiella Seaver. Mycologia, 24 :261. 1932. 

Durandia Rehm. Ann. Mycol. 11 :166. 1913. (non Boeck. 1896) 

Apothecia erumpent, separate or cespitose, circular to undulate, sessile or 

narrowed below to substipitate, black, glabrous, hard, horny in consistency, 
becoming cartilaginous when moist with the hymenium more fleshy, usually 
flat or nearly so; tissue plectenchymatous with a slightly differentiated rind- 
like excipulum and a slightly differentiated subhymenial zone; asci cylindric- 
clavate, eight-spored; ascospores subfiliform to filiform, hyaline, septate, 
variously curved; paraphyses hyaline, filiform, the tips forming an epithecium; 
conidial fruiting bodies variable in form from cylindric or cylindric-subulate 
to irregularly rounded or ovoid to subglobose; conidia subfiliform to filiform, 
hyaline, septate, variously curved. 

Type Species: Durandiella fraxini (Schw.) Seaver. 


Key to Species 


1. Asci mostly exceeding 15 diam., on Oxylendrum..... D. rugosa 
3. Asci mostly 10 or less in diam., on D, nenopanthis 
4. Ascospores 40 or more in length, usually exceeding 50 6 
5. On swollen lenticels of Crataegus and Sorbus, conidial fruiting bodies small, 
5. In transversely elongated clusters on Betula, conidial fruiting bodies rounded, 
6. Ascoapores 65-105. in length, on D. fraxini 
6. Ascospores rarely UO in length, mostly SO-S0 


Fics. 1-9, X4 approx. 


D. fraxini, apothecia and conidial state, herb. JWG 89. 
D. fraxini, conidial state, DAOM 3953. 


Fic. 3. D. rugosa, apothecia, herb. JWG 828. 
Fic. 4. D. rugosa, conidial state, herb. JWG 828. 
Fic. 5. D. nemopanthis, type of Tympanis nemopanthis Peck in herb. N.Y. State Museum. 
Fic. 6. D. viburnicola, apothecia in Rel. Farl. /54a in herb. DAOM. 
Fic. 7. D. viburnicola, conidial state, in herb. FH. 
Fic. 8. D. alni, apothecia in type. 
Fic. 9. D. andromedae, type of Cenangium andromedae Schw. in herb, USDA. 
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Apotheciis erumpentibus, gregariis vel dispersis, solitariis vel caespitosis, 
sessilibus, versus basim attenuatis, orbicularibus, vel undulatis, 0.5-1.0 mm: 
diam., 0.3-0.5 mm. altis, atris, glabris, duris, corneis in sicco, cartilagineis 
in humido; hymenio concavo vel plano, atro, carnoso in humido, marginato; 
hypothecio plectenchymato; ascis cylindraceo-clavatis, breve stipitatis, octo- 
sporis, 85-110 X 9.5-12.0 yw; ascosporis hyalinis, elongatis, subfusiformibus 
vel subfiliformibus, continuis vel triseptatis, 40-80 XK 2.5-3.5 uw; paraphysibus 
hyalinis, filiformibus, septatis, simplicibus, 1.5—2.0 ¢ diam., ad apicem leviter 
incrassatis agglutinatisque, epithecium fuscum formantibus. 

Hab. Alnus rugosa (Du Roi) Spreng. 


Apothecia erumpent, gregarious to scattered, separate or cespitose, sessile, 
narrowed below, circular to undulate, 0.5-1.0 mm. diam., 0.3-0.5 mm. in 
height, black, glabrous, hard, horny in consistency, becoming more cartila- 
ginous when moist; hymenium concave to plane, black or slightly greenish 
when moist, more fleshy than the excipulum, at first with a slightly raised 
margin which later may disappear; tissue of the hypothecium plectenchy- 
matous, composed of ascending, interwoven, brownish to nearly hyaline 
hyphae, 1.5-3.0 w in diameter with the walls thickened and gelatinized, curv- 
ing toward the outside where the walls are thicker and darker forming a rind- 
like excipulum; subhymenium a slightly differentiated, compact zone of 
hyaline, less gelatinized hyphae; asci cylindric-clavate, tapering to a short 
stalk, eight-spored, 85-110 X 9.5-12.0 uw; ascospores hyaline, elongated, sub- 
fusiform to subfiliform, ends pointed, slightly sickle-shaped to sigmoid or 
nearly straight, one- to four-celled, parallel to more or less intertwined in the 
ascus, 40-80 X 2.5-3.5 uw; paraphyses hyaline, filiform, septate, simple 1.5- 
2.0 mw diam., the tips slightly swollen to about 3.0 w and embedded in a 
brownish, gelatinous matrix, forming an epithecium. 

Conidial fruiting bodies erumpent, sparsely scattered, single or occasionally 
two or three in a cluster, subulate to cylindric, sometimes slightly compressed, 
0.5-1.0 mm. in height, 0.2—-0.3 mm. in diam. at the base, tapering slightly 
toward the tip, black, glabrous, hard, horny in consistency, becoming more 
fleshy-leathery when moist; tissue plectenchymatous composed of ascending, 
interwoven, brownish to nearly hyaline hyphae, darker at the outside, about 
2-3 w in diam. with the walls thickened and gelatinized; conidiophores lining 
a flask-shaped cavity, hyaline, cylindric, septate, simple or branched, about 
10-40 XK 2.0-2.5 uw; conidia hyaline, elongated, subfusiform to subfiliform, 


Fics. 10-17, X4 approx. 


Fic. 10. D. rosae, type of Cenangium rosae Schw. in Durand herb., Cornell. 

Fic. 11. D. lenticellicola, isotype in herb. JWG 543. 

Fic. 12. D. lenticellicola, conidial state produced in culture on a twig of Crataegus. 

Fic. 13. D. lenticellicola, apothecia and conidial state on lenticels of Sorbus in herb. 
DAOM 4744. 

Fic. 14. D. fraxini, conidial state produced in culture on twig of Fraxinus. 

Fic. 15. D. seriata, conidial state produced in culture on twig of Betula. 

Fic. 16. D. seriata, apothecia in Roum. Fung. Sel. Gall. Exs. 336 in herb. DAOM. 

Fic. 17. D. seriata. conidial state in herb. [WG 5/1. 


124 CANADIAN JOURNAL OF BOTANY. VOL. 32 


ends pointed, sickle-shaped to sigmoid or nearly straight, one-to four-celled, 
(30—)40-70(-80) X 2.0-4.0 uw, borne at the tip of the conidiophore. 

Host: Alnus rugosa (Du Roi) Spreng. 

Type: DAOM! 35018. On Alnus rugosa (Du Roi) Spreng., Race Horse 
Road, Petawawa Forest Experiment Station, Ont. Sept. 2, 1941. Isotype 
JWG 722. 


Specimens examined: CANADA: Ontario: Petawawa For. Expt. Stn. 
JWG 860; DAOM 19861, JWG 861. 

This fungus was first collected in 1941 and in the field was mistaken for 
Tympanis alnea var. hysterioides Rehm which it resembles in gross appearance. 
It can easily be distinguished microscopically by the eight-spored asci and 
subfiliform ascospores, and the appearance in culture is quite different. 
Conidia were produced freely in culture but repeated attempts to find the 
conidial state in nature were unsuccessful until 1947 when the fungus was 
collected again in the same locality as that of the original collection and a few 
conidial fruiting bodies were found. They are beaked pycnidia, somewhat 
similar to those of Durandiella fraxini but smaller and less conspicuous. The 
species appears to be rare for, in spite of a good deal of searching on alder, 
I have only found it in this one locality. 

It may have been observed by some European mycologists but they did not 
recognize it as a distinct species. Fuckel (1870 (4) ) referring to a specimen in 
Fung. Rhen. 768 labelled Tympanis alnea Fr., stated that the fungus had 
filiform spores and proposed the combination Cenangium alneum (Fr.) Fckl. 
Tym panis alnea Fr. is unquestionably a true Tym panis and, therefore, Fuckel’s 
combination is an obligate synonym of this 7ympanis, but it is possible that 
he saw the Durandiella. Rehm (1889 (16) ) examined a specimen of Fung. 
Rhen. 768 and found only the true 7ympanis, and in the specimen that I] 
examined myself in the Farlow Herbarium. ! found only the true Tympanis 
also. Rehm suggested that Fuckel had seen some Godronia urceolus but 
since this fungus is very different in gross appearance and unlikely to be 
mistaken for a Tympanis, it seems more probable that Fuckel actually saw 
the Durandiella. 

Hazslinsky (1887 (18) ) also stated that he collected Tympants alnea with 
threadlike spores the length of the ascus. His material has not been seen, 
but it seems probable that he also collected the Durandiella. 

' The following code letters are used in referring to herbaria in which the specimens cited are 
deposit?l: BM—-British Museum; DAOM—Mycological Herbarium, Division of Botany and 
Plant Pathology, Science Service, Ottawa; FH—Farlow Herbarium; JRH—J. R. Hansbrough; 
JWs—J. W. Groves; K—Kew Herbarium; M—Universtty of Michigan; NYBG—New York 


Botanical Garden; P—-Natural History Museum, Paris; TRT—University of Toronto; UPS 
Institute of Systematic Botany, Uppsala; USDA—United States Department of Agriculture. 


Fics. 18-25, X40 Freehand sections of conidial fruiting bodies of Durandiella spp. 
approx. 


Fic. 18. F. fraxini. Fic. 22. D. rugosa. 
Fic. 19. D. viburnicola. Fic. 23. D. seriata. 
Fic. 20. D. lenticellicola. Fic. 24. D. andromedae. 
Fic. 21. D. alni. Fic. 25. D. nemopanthis. 


4 
i 
: 
a 
= 
ay 
at. 
“9 
it. 


celled, 


Horse 
sotype 


. Stn. 


en for 
rance. 
ci and 
ferent. 
id the 
IS was 
| a few 
ewhat 

The 
alder, 


lid not 
men in 
is had 
Fckl. 
uckel’s 
le that 
Fung. 
that | 
npanis 
us but 
to be 
ly saw 


With 
seen, 


cited are 
any and 
sbrough; 
York 
UPS 
diure. 


lla spp. 


PLATE II] 


8 
4 
18 
' 4 3 
22 7 
— 
24 
| 
- tal 
. > \ 


oh 
j 
‘ 
4 
3 


GROVES: DURANDIELLA 125 


Durandiella andromedae (Schw. ex Fr.) comb. nov. (Figs. 9, 24, 29) 
Peziza andromedae Schw. Schr. Nat. Ges. Leipzig 1:123. 1822. 
Cenangium andromedae Fries. Syst. Mycol. 2 :182. 1822. 


Apothecia erumpent, gregarious, separate or occasionally two or three a 
together, more or less angular to lobed or nearly circular when dry, expanding 
and becoming circular or slightly elongated when moist, sessile, slightly 
narrowed below, black, glabrous, 0.4-1.0 mm. in diam., 0.3-0.5 mm. in 
height, hard, horny in consistency, becoming more fleshy-leathery when moist; 
hymenium concave to plane, black when dry, becoming dark olive-brown 
when moist, more fleshy than the excipulum, margin at first raised then dis- 
appearing; tissue of the hypothecium plectenchymatous composed of inter- 
woven, ascending, brownish to nearly hyaline hyphae about 3-5 yw in diameter 
with the walls thickened and gelatinized, in the center becoming more loosely 
interwoven and somewhat prosenchymatous, at the outside with the walls 
thicker and darker forming a rindlike excipulum; subhymenium differentiated 
as a brownish, more compact zone; asci cylindric-clavate, tapering below to a 
rather short stalk, eight-spored, 90-110 X (10—) 12-14 yw; ascospores hyaline, 
elongate-fusiform to subfiliform, ends pointed, sigmoid or sickle-shaped to 
nearly straight, one- to eight-celled, (50-) 60-80 (-90) & 3.0-5.0 w; para- 
physes hyaline, filiform, septate, simple or branched, 2.0—2.5 w in diameter, 
the tips slightly swollen up to 3-4 w and embedded in a brownish, gelatinous 
matrix, forming an epithecium. 

Conidial fruiting bodies immersed to slightly erumpent, gregarious, separate, 
at first more or less globose, then undulate to nearly triangular, 0.7—1.0 mm. 
in diameter, about 0.5—0.8 mm. in height, tearing open at the top in a more 
or less lobed manner, expanding widely and becoming discoid, black, glabrous; 
in section consisting of a thick, somewhat cushion-shaped basal stroma com- 
posed of nearly hyaline, interwoven, ascending hyphae about 2.5-4.0 pw in 
diameter, with the walls thickened and somewhat gelatinized, at the outside 
the walls becoming dark brown and thicker, forming a rindlike ex« ipular zone 
which at first encloses the entire stroma and then splits at the top exposing 
the shallow, discoid to slightly lobed cavity; conidiophores lining the cavity, 
hyaline, cylindric, septate, simple or branched, about 35-50 XK 2.0-2.5 yu; 
conidia hyaline, elongate-fusiform to subfiliform, pointed at the ends, sickle- 
shaped or sigmoid to nearly straight, borne at the tip of the conidiophore, 


40-60 (—70) 3.0-4.0 
Host: Andromeda sp. 


Type: on Andromeda sp., Salem, N. Car. ex herb. Schweinitz (Michener 
collection). USDA. 

Specimens examined: ex herb. Schweinitz in kK, BM, UPS. 

This species has not been seen in the fresh condition. It seems probable 
that the specimens cited above are all part of the original collection. The 
material is abundant and in good condition. The description of the conidial 
state is based on the specimen in the herbarium at Uppsala. The connection 
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26 27 


Fic. 26. D. fraxini, asci, ascospores, and conidia. Fic. 27. D. rugosa, asci, ascospores, 
and conidia. 
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Fic. 28. D. viburnicola, asci, ascospores, and conidia. Fic. 29. D. andromedae, asci, 
ascospores, and conidia. 
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Fic. 30. D. nemopanthis, asci, ascospores, and conidia. Fic. 31, D. rosae, asci and 
ascospores. 
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Fic. 32. D. alni, asci, ascospores, and conidia. F1G. 33. D. seriata, asci, ascospores, and 


conidia. 
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Fic. 34. D. lenticellicola, asci, ascospores, and conidia. 
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has not been established by cultural methods, but the conidia and conidial 
fruiting bodies are very similar to those of other Durandiella species, and the 
nature of the association is such that there is little doubt of the connection. 


DURANDIELLA FRAXINI (Schw. ex Fr.) Seav. N. Amer. Cup Fungi, Inoperc. 
p. 367. 1951. (Figs. 1, 2, 14, 18, 26) 


Peziza fraxini Schw. Schr. Nat. Ges. Leipzig 1:123. 1822. 
Tympanis fraxini Fr. Syst. Mycol. 2:174. 1822. 
Cenangium fraxini Tul. Ann. Sci. Nat. 20:140. 1853. 
Cenangella fraxini Sacc. Syll. Fung. 8:590. 1889. 
Dermea fraxini Rehm. Ber. d. Bayer. Bot. Ges. 13 : 196. 1912. 
Dermea fraxini v. Héhn. Fragm. z. Myk. #914. 1915. 
Godronia fraxini v. Héhn. Fragm. z. Myk. #958. 1916. 
Godronia fraxini Seaver. Mycologia, 37 : 350. 1945. 
Durandia fraxini Rehm. Ann. Mycol. 11 :166. 1913. 

St. conid. 
Sphaeronema fraxini Peck. Ann. Rept. N.Y. State Museum, 29:71. 1878. 
Sphaerographium fraxini Sacc. Syll. Fung. 3: 598. 1884. 
Sphaeronema spina Berk. & Rav. Grev. 2 : 177. 1874. 
Cornularia spina Sacc. & Syd. Syll. Fung. 16 : 982. 1902. 
Chondropodium spina v. Héhn. Fragm. z. Myk. #958. 1916. 


Apothecia erumpent, gregarious to scattered, separate or in small clusters 
of two to six, circular to undulate, sessile, narrowed below, 0.5-1.0 mm. diam., 
0.3-1.0 mm. in height, black, glabrous, hard, horny in consistency, becoming 
more cartilaginous when moist; hymenium at first concave, then plane to 
slightly convex, black or somewhat greenish when moist, more fleshy than 
the excipulum, at first with a thick, raised margin which later may almost 
disappear; tissue of the hypothecium plectenchymatous, composed of inter- 
woven, ascending, brownish to nearly hyaline hyphae about 2-3 yw in diameter 
with the walls thickened and gelatinized, at the outside forming a rindlike 
excipulum composed of a few rows of very dark, thick-walled cells; sub- 
hymenium differentiated as a zone of slender, closely interwoven hyphae; 
asci cylindric to cylindric-clavate, tapering to a slender stalk, eight-spored, 
(90-) 105-135 (-150) X (9-) 11-14 (-15) yw; ascospores hyaline, elongate- 
fusiform to filiform, pointed at the ends, one- to several-celled, flexuous, 
variously curved to nearly straight, more or less intertwined in the ascus, (55-) 
65-95 (-105) X (2.5-) 3.0-4.0 (-4.5) uw; paraphyses hyaline, filiform, septate, 
simple or branched, 1.5-2.0 uw in diameter, the tips slightly swollen up to 
3.0 w and embedded in a brownish, gelatinous matrix, forming an epithecium. 

Conidial fruiting bodies erumpent, scattered or more or less in rows, separate 
or sometimes in small clusters, subulate to cylindric, black, glabrous, up to 
4 mm. in height and 0.5—1.0 mm. in diameter at the base, tapering to 300-500 
bw at the tip, hard, horny in consistency, becoming more fleshy-leathery when 
moist; tissue similar to that of the apothecia; conidiophores lining the more 
or less flask-shaped cavity, hyaline, cylindric to cylindric-conic, tapering to a 
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‘slender tip, septate, simple or branched, about 15-30 & 1.5-2.0 mu; conidia 


hyaline, elongate-fusiform to subfiliform, ends pointed, sickle-shaped to 
sigmoid or nearly straight, mostly four-celled, (50—) 55-70 (-80) X 3.0-4.5 
(-5.0) wu, borne at the tip of the conidiophore. 

Host: Fraxinus spp. 


Type: USDA in ramos Fraxineos, Salem—Beth. ex herb. Schw. 1962-2 Syn: 
Fung. Isotypes ? K, UPS, Cornell. 

Exsiccati: Fung. Columb. 148 (as Sphaerographium fraxini), 3584 (as 
Sphaerographium fraxini), 3885 (as Tympanis fraxini); Ell. N. Amer. Fung. 
737.(as Sphaeronema fraxini); Rel. Farl. 155a (as Tympanis fraxini); Rehm 
Ascom. 2027 (as T. fraxini). 


Specimens examined: CANADA: Nova Scotia: Canaan, JWG 973; Casey’s 
Corners, DAOM 4633. Quebec: Kingsmere, JWG 111; DAOM 25824, 
JWG 131; DAOM 3953; DAOM 3954; Burnet, JWG 544; Old Chelsea, DAOM 
5740, JWG 653; Gatineau Park, DAOM 15503, JWG814. Ontario: Toronto, 
TRT 4537, JWG 74; Aurora, TRT 6020, JWG 89; JWG 476; New Durham, 
TRT 4597, JWG 106; Timagami Forest Reserve, TRT 7939, JWG 404; 
JWG 196; Petawawa Forest Exp. Stn., DAOM 4709; DAOM 7938; JWG 789; 
DAOM 19409, JWG 856. 


UniTED States: Georgia: Athens, JWG 827. Massachusetts: Town- 
send, JRH 1147, JWG 369; Petersham, DAOM 25838. Connecticut: 
Goshen, JRH 548, JWG 340. New Hampshire: Keene, JRH 545, JWG 337; 
Franklin, JRH 546, JWG 338; Waterville, JRH 547, JWG 339; Sandwich, 
JRH 1146, JWG 368. Vermont: Arlington, JWG 583. New York: 
Ithaca, JWG 82. Michigan: Cheboygan, DAOM 20680, JWG 899. 

This species is fairly common on Fraxinus in North America but apparently 
does not occur in Europe. Schweinitz (1822 (18) ) first described it as Peziza 
fraxini and Fries (1822 (3) ) transferred it to Tympanis. In gross appearance 
and consistency it is very like a Tympanis. 

Four specimens purporting to be part of the type of Peziza fraxini Schw. 
have been seen in the herbaria at Uppsala, Kew, the Michener Herbarium in 
the United States Department of Agriculture, and the Durand Herbarium at 
Cornell University. On the specimen at Kew I was unable to find any recog- 
nizable fungus. The Uppsala and Cornell specimens were very scanty and 
no mounts were made but they had the gross appearance of the Durandiella. 
The USDA specimen was also scanty and not in good condition, but a mount 
showed fragments of asci with typical spores. The type material is very 
unsatisfactory but is sufficient to establish the identity of the fungus and fix 
the name. 

In Europe there is a true Tympanis species occurring on Fraxinus and this 
fungus has been misidentified several times by European authors as 7. fraxini 
(Schw.) Fr. Its correct name is T. columnaris v. Héhn. Tulasne (1853 (23) ) 
also misidentified a species of Dermea occurring on Fraxinus as Tympanis 
fraxini (Schw.) Fr. and called it Cenangium fraxini, but under present-day 


i 


132 CANADIAN JOURNAL OF BOTANY. VOL. 32 


rules of nomenclature this name must be regarded as an obligate synonym of 
Peziza fraxini Schw. which is its basinym. This fungus was re-named Dermea 
tulasnet by Groves (1946 (7) ). It occurs in both Europe and North America. 
The confusion regarding these three species was very satisfactorily cleared up 
by von Hdéhnel (19185 (12) ) who correctly described their morphological 
differences and elucidated the conidial relationships of all three. 

Rehm (1913 (17) ) concluded from a study of the asci and spores of Tympanis 
fraxini (Schw.) Fr. that the fungus could not be a Tympanis and erected the 
new genus Durandia with the single species D. fraxini (Schw.) Rehm. 

von Hodhnel (1916 (10) ) transferred Pezizi fraxini Schw. to Godronia. 
Apparently von Hohnel had not seen any specimens of Peziza fraxini when he 
made the transfer. He had seen the conidial state and considered that it 
belonged in the new genus Chondropodium that he had just erected as a 
segregate from Cornularia. He was of the opinion that Chondropodium species 
were the conidial states of Godronia species, but this opinion was based on 
quite inadequate evidence and has since proved to be untrue. However, the 
fact that Rehm had recently reported filiform ascospores in Peziza fraxini 
served to confirm him in his opinion that it must be a Godronia. 

von Hoéhnel later (1918a@ (11) ) examined a specimen of Peziza fraxini and, 
although he found that the structure did not agree with Godronia, he was still 
unduly influenced by the belief that since the conidial state was a Chondro- 
podium the perfect state must be a Godronia and maintained that it should be 
placed in this genus. He pointed out at this time that Rehm’s genus 
Durandia was a later homonym of the cyperaceous genus Durandia Boeck., 
but stated that in his opinion Durandia Rehm was a synonym of Godronia. 

Seaver (1932 (20) ) independently noted that Durandia Rehm was invalid 
and proposed the name Durandiella to replace it. He did not make the com- 
bination Durandiella fraxinit but since the genus was monotypic, Durandia 
fraxini (Schw.) Rehm must be the type of Durandiella. 

Seaver (1945 (21) ) placed a considerable number of unrelated species in 
the genus Godronia simply because they had filiform ascospores and he believed 
there would be some advantage in bringing them all together. He abandoned 
the genus Durandiella and made a new combination Godronia fraxini (Schw.) 
Seav. although this was a later homonym of G. fraxini (Schw.) v. Héhn. Seaver 
later (1951 (22) ) took up Durandiella again and this time made the combination 
D. fraxini (Schw.) Seav. but the accompanying description is inaccurate and 
misleading. He stated erroneously that the asci become multispored and this 
= suggests that the description was compounded from two distinct species, the 
2 true Durandiella and Tympanis columnaris v. Hohn referred to above. 


Durandiella lenticellicola sp. nov. (Figs. 11, 12, 13, 20, 34) 

St. conid. 
Sphaeronema longirostre Clements. Bot. Surv. Nebr. Rep. 3:10. 1893. 
Cornularia harpographoides Dearness. Mycologia, 28: 212. 1936. 
Apotheciis erumpentibus, dispersis, solitariis vel subcaespitosis, orbiculari- 

bus, sessilibus, versus basim attenuatis, 0.3-0.7 mm. diam., 0.3-0.6 mm. 
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altis, atris, glabris, duris, coriaceis vel corneis in sicco, carnoso-coriaceis in 
humido; hymenio concavo vel plano, atro, leviter marginato; hypothecio plec- 
tenchymato; ascis cylindraceo-clavatis, stipitatis, octosporis, (75—) 85-120 
(-135) X (9-) 11-13 (-14) yw; ascosporis hyalinis, elongato-fusiformibus vel 
subfiliformibus, continuis vel triseptatis, (25—) 30-50 (-65) & (2.5—-) 3.0-4.0 
(-5.0) mw; paraphysibus hyalinis, filiformibus, septatis, ramosis, 1.5-2.0 yu 
diam., ad apicem incrassatis agglutinatisque, epithecium fuscum formantibus. 
Hab. in lenticellae tumefactae Crataegi et Sorbi. 


Apothecia erumpent, scattered, separate or in small clusters, circular, 
sessile, narrowed below to substipitate, 0.3—0.7 mm. in diameter, 0.3-0.6 mm. 
in height, black, glabrous, leathery to horny in consistency, becoming more 
fleshy-leathery when moist; hymenium concave to plane, black, more fleshy 
than the excipulum, at first with a slightly raised margin which later may 
disappear; tissue of the hypothecium plectenchymatous, composed of hyaline 
to brownish, interwoven, ascending hyphae, about 2.5-4.0 uw in diameter with 
the walls thickened and gelatinized, curving toward the outside and forming 


- an excipulum composed of a few rows of very dark, thick-walled cells; sub- 


hymenium slightly differentiated; asci cylindric-clavate, tapering to a slender 
stalk, eight-spored, (75—) 85-120 (-135) X (9-) 11-13 (—14) uw; ascospores 
hyaline, elongate-fusiform to subfiliform, sickle-shaped or sigmoid to nearly 
straight, one- to four-celled, pointed at the ends, more or less intertwined and 
fasciculate in the ascus, (25—) 30-50 (-65) (2.5-) 3.0-4.0 (-5.0) mw; para- 
physes hyaline, filiform, septate, usually branched or sometimes simple, 
1.5-2.0 win diameter, the tips swollen up to 5.0 wand embedded in a brownish 
gelatinous matrix forming an epithecium. 

Conidial fruiting bodies erumpent, separate or two or three in a cluster, 
cylindric to subulate, 0.5-2.0 mm. in length and 0.1—0.4 mm. in diameter at 
the base, black, glabrous, similar in consistency and tissue structure to the 
apothecia, containing an elongated, ovoid cavity; conidiophores lining the 
cavity, hyaline, cylindric, septate, simple or branched, 15-50 X 2.5-3.0 yu; 
conidia hyaline, elongate-fusiform to subfiliform, pointed at the ends, sickle- 
shaped or sigmoid to nearly straight, one- to four-celled, 20-40 (-55) X 
2.5-4.0 uw, borne at the tip of the conidiophore; microconidia observed 
in culture, hyaline, filiform, one-celled, variously curved to straight, 13-20 
X 1.5-2.0 

Host: on swollen lenticels of Crataegus spp. and Sorbus americana Marsh. 

Type: TRT 11130, on Crataegus sp., woods 4 miles west of Maple, Ont. 
Coll. H. S. Jackson, June 11, 1937. Isotype: DAOM 14664, JWG 543. 


Specimens examined: CANADA: Nova Scotia: Glenmount, DAOM 4744, 
JWG 557. Quebec: Ile Perrot, DAOM 7332, JWG 730; Kamouraska Co., 
DAOM 3791; Laurentian Nat. Park, DAOM 5298, JWG 614. Ontario: 
Toronto, JWG 66; JWG 91; JWG 450; Ottawa, DAOM 3919; New Durham, 
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JWG 291; JWG 465; Wilcox Lake, JWG 103; Timagami Forest Reserve, 
JWG 197; JWG 198; JWG 233; JWG 321; Petawawa For. Expt. Stn., JWG 
854. 

UniTEpD StaTEs: New York: Ithaca, JWG 989. 


This species appears to be not uncommon although the fruiting bodies are 
inconspicuous. Branches of Crataegus may frequently be observed on which 
the lenticels are abnormally swollen and there appears to be excessive cork 
development. Examination with a hand lens may reveal the presence of 
fructifications of thisfungus. They are usually not abundant and the pycnidia 
are usually found more frequently than the apothecia, but abundant apothecia 
have occasionally been found. 

In the Timagami Forest Reserve similar mnie swollen lenticels were 
observed on Sorbus americana and, after some search, similar apothecia and 
pycnidia were found. The ascospores and conidia from specimens on Sorbus 
were slightly larger than those from Crataegus, but. there was considerable 
overlap in size and the difference did not appear to be significant. Cultures 
from both ascospores and conidia from both Crataegus and Sorbus were iden- 
tical and produced a characteristic, very slow-growing, heaped-up colony of 
tough consistency. It is considered that the same species occurs on both 
Crataegus and Sorbus. 

Considerable search was made to find an early name for this species because 
the swollen lenticels are fairly conspicuous and it seemed unlikely that this 
fungus would have escaped the keen eyes of some of the early collectors. A 
specimen in the Durand Herbarium, Cornell University, labelled Cenangium 
crataegi Schw. proved to be this fungus, but specimens of parts of the type of 
C. crataegi in the Durand Herbarium and in the herbaria at Kew and Uppsala 
all appeared to be some old tremellaceous fungus and no discomycete was 
present. 

In the herbarium at Uppsala a specimen from Schweinitz labelled Cenangium 
tumidulosum and said to be on Viburnum looked very much like this fungus 
but was not in good condition. A few asci 70-90 XK 9-10 mw were found with 
filiform spores, but no free spores were observed. A specimen from Michener 
Herbarium labelled C. tumidulosum proved to be even more unsatisfactory. 
It is doubtful whether this fungus can be positively identified and, since the 
name was apparently never published, it seems best to ignore it. 

It seemed advisable to investigate Cenangium tumorum Schw. which was 
described as occurring ‘‘in excrescentibus ramorum”. <A portion of the type 
from the Michener Herbarium was examined and consisted of a single small 
twig with an irregular, gall-like swelling on it, suggesting a crown gall. On 
this swelling there were a few rounded, black structures that might be pycnidia 
or perithecia. No mount was made from this very scanty material because it 
was obviously not the Durandiella. 

No other discomycete reported on Crataegus or Sorbus appeared to agree 
with this fungus and it was concluded that it must be undescribed. The 
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conidial state appears to have been described at least twice, but no intensive 
search for names was made in the Fungi Imperfecti. 

The generic position of this species was at first somewhat doubtful. The 
more superficial growth habit, small size, and short ascospores seemed to 
suggest a relationship with Pragmopora. However, there is no conidial state 
known in this genus and the conidial state of this species definitely allied it 
with other Durandiella species. D. seriata also has relatively short ascospores 
and seems to show a preference for fruiting on lenticels, and there is some 
indication that D. viburnicola tends to fruit on lenticels. It was, therefore, 
concluded that this species on lenticels of Crataegus and Sorbus was best 
placed in the genus Durandiella. 


DURANDIELLA NEMOPANTHIS (Peck) Groves. Mycologia, 29:75. 1937. 
(Figs. 5, 25, 30). 
Tympanis nemopanthis Peck. Ann. Rept. N.Y. State Museum, 35 : 142 
1884. 

Godronia nemopanthis Sacc. Syll. Fung. 8 : 603. 1889. 

Apothecia erumpent, gregarious, cespitose with up to about 25 in a cluster, 
rarely single, sessile, slightly narrowed below, strongly undulate to circular, 
usually very crowded and more or less grown together laterally, 0.5-1.0 mm. 
in diameter, 0.5—1.5 mm. in height, black, glabrous, hard, horny in consistency 
becoming more cartilaginous when moist; hymenium plane to slightly convex, 
black or greenish when moist, more fleshy than the excipulum, at first with a 
slightly raised margin which later may disappear; tissue-of the hypothecium 
plectenchymatous composed of interwoven, ascending, brownish to nearly 
hyaline hyphae mostly 2-3 mw in diameter with the walls thickened and gela- 
tinized, especially toward the outside where the walls are thicker and darker 
forming a rindlike excipulum; subhymenium a narrow, compact zone of closely 
interwoven, slender hyphae; asci cylindric-clavate, tapering below to a slender 
stalk, eight-spored, (80—-) 90-115 (—130) X (7.0-) 8.0-10.0 (-11.0) yu; 
ascospores hyaline, filiform, one— to several-celled, variously curved to nearly 
straight, slightly pointed at the ends, more or less intertwined in the ascus, 
(40-) 50-75 (-85) (1.5-) 2.0-2.5 (-3.0) mw; paraphyses hyaline, filiform, 
septate, simple or branched, 1.5—2.0 uw in diameter, the tips slightly swollen 
and embedded in a brownish, gelatinous matrix, forming an epithecium. 

Conidial fruiting bodies rarely observed, minute, black, glabrous, ovoid 
pycnidia about 0.2-0.3 mm. in diameter, arising from the same stroma as 
the apothecia, opening at the top and containing an ovoid cavity, similar in 
consistency and tissue structure to the apothecia; conidiophores lining the 
cavity, hyaline, cylindric; conidia hyaline, filiform, flexuous, mostly strongly 
curved, sickle-shaped to sigmoid or nearly straight, one- to four-celled, pointed 
at the ends, 40-70 & 1.5-2.5 w, borne at the tip of the conidiophore. 

Host: Nemopanthus mucronata (L.) Trel. 

Type: Herb. N.Y. State Museum. On Nemopanthus mucronata, Grafton, 
N.Y. Coll. C. H. Peck. Isotype: Durand Herb. 3023. 
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Exsiccati: Ell. N. Am. Fungi 2330 (as Tympanis nemopanthis); Fung. Col. 
4539 (as Tympanis nemopanthis). 


Specimens examined: CANADA: Quebec: Duchesnay, JWG 608. Ontario: 
Timagami Forest Reserve, TRT 3513, JWG 30; TRT 6583, JWG 202; TRT 
6567, JWG 216; TRT 5067; TRT 5068; TRT 6567; TRT 7940; DAOM 2528; 
Bell’s Lake north of Parry Sound, TRT 6936; Hatchley, TRT 7941; Brantford, 
TRT 11810, DAOM 14637; Ottawa, TRT 4840, JWG 119; DAOM 5730, 
JWG 585; Petawawa For. Expt. Stn., DAOM 14626, JWG 812; DAOM 19912, 
JWG 863. 

UNITED StTaTEs: Vermont: Fort Ethan Allen, FH, ex Burt Herb. 

This species was discussed by Groves (1937 (5) ) and placed in the genus 
Durandiella. At that time I had not succeeded in finding a conidial state 
either in nature or in culture. A culture of the fungus was deposited in the 
Centraalbureau voor Schimmelcultures, Baarn and I was subsequently in- 
formed by Dr. Johanna Westerdijk (in litt.) that they had succeeded in 
obtaining the conidial state by growing the cultures on lupine stems. Dr. 
Westerdijk kindly sent me specimens bearing the conidial fructifications and 
I then succeeded in obtaining them in my own cultures also. 

Later I did find the conidial fructifications in nature in collection JWG 5835, 
but they are very small and inconspicuous. This is an interesting contrast 
to D. fraxini in which the conidial fruiting bodies are usually more abundant 
and conspicuous than the apothecia. Of the six species studied in culture, 
D. nemopanthis is the only one in which difficulty was experienced in obtaining 
conidial fructifications in culture. 

This species is very frequently found growing in close association with 
Dermea peckiana (Rehm) Groves and the rather conspicuous conidial fructi- 
fications of the Dermea, which also has subfiliform conidia, are often inter- 
mingled with the apothecia of the Durandiella on the same twigs. The 
conidia of Dermea peckiana are slightly broader in proportion to their length, 
mostly 25-60 X 2.5-4.5 w in contrast to those of the Durandiella which are 
mostly 40-70 XK 1.5-2.5 uw. The apothecia of the Dermea are somewhat 
softer in consistency and more brownish in color than those of the Durandiella, 
and the ascospores are ellipsoid-fusiform whereas those of the Durandiella 
are filiform. The two species can be very easily distinguished in culture. 


Durandiella rosae (Schw.) comb. nov. (Figs. 10, 31) 

Cenangium rosae Schw. Syn. Fung. Amer. bor. p. 239. 1832. 

Apothecia erumpent, scattered, separate or cespitose in small clusters, 
circular to undulate, sessile, narrowed below, 0.5-1.0 mm. in diameter, 
0.3-1.0 mm. in height, black, glabrous, hard, horny in consistency, becoming 
more fleshy-leathery when moist; hymenium concave to plane, black or slightly 
greenish when moist, more fleshy than the excipulum, with a thick, slightly 
raised margin; tissue of the hypothecium compact, plectenchymatous, com- 
posed of closely interwoven, brownish to nearly hyaline hyphae about 2-3 yu 
in diameter with the walls thickened and gelatinized, at the outside becoming 
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thicker and darker forming a rindlike excipulum, subhymenium not differen- 
tiated; asci cylindric-clavate, tapering below to a slender stalk, eight-spored, 
85-110 X 10-13; ascospores hyaline, filiform, more or less curved or flexuous 
to nearly straight, up to six-septate, more or less intertwined in the ascus, 
(55—-) 60-80 X 2.5-4.0 yw; paraphyses hyaline, filiform, septate, simple or 
branched, about 1.5-2.0 uw in diameter, the tips swollen up to 3.0 w and 
embedded in a gelatinous matrix forming a brownish epithecium. 

Host: Rosa sp. 

Type: USDA ex herb. Schw. on Rosa corymbosa, Bethlehem, Pa. 

Specimens examined: Durand Herb. 6600; K, UPS. All ex herb. Schw. 


As noted above, four specimens of this fungus have been seen in the herbaria 
at Kew, Uppsala, the Michener collection in Washington, and the Durand 
Herbarium at Cornell University. All of these specimens were extremely 
scanty and it seems probable that they all represent portions of the same 
collection. Mounts were made only from the specimens at Kew and Cornell 
and they agreed very well. The other specimens agreed so well in gross 
appearance that it appeared inadvisable to mount any more of this scarce 
material. The fungus is a typical Durandieila. 

In the Michener specimen a single black, cylindric-subulate pycnidium- 
like structure was observed arising from the same stroma as one apothecium. 
It is the sort of structure one would expect to find as a conidial state, but 
it was not mounted. It would seem to be preferable, in a case like this, to 
wait until the fungus has been restudied in fresh condition and the conidial 


state established by cultural methods rather than to remove the single fruiting 
body. 


Durandiella rugosa (Ell. & Ev.) comb. nov. (Figs. 3, 4, 22, 27) 

Godronia rugosa Ell. & Ev. J. Mycol. 8:70. 1902. 

Apothecia immersed to slightly erumpent, gregarious, mostly single to 
sometimes subcespitose, sessile, circular to slightly elongated, usually undu- 
late with a somewhat lobed margin, black, glabrous, 0.5—2.0 mm. in diameter, 
0.3-0.8 mm. in height, hard, horny in consistency, becoming more cartila- 
ginous-leathery when moist; hymenium concave to plane, black or slightly 
greenish when moist, more fleshy than the excipulum, at first with a slightly 
raised margin which later may disappear; tissue of the hypothecium plecten- 
chymatous, composed of interwoven, ascending hyphae about 2-3 yw in 
diameter, brownish to nearly hyaline, darker at the outside; subhymenium a 
narrow zone of closely interwoven, slender hyphae; asci cylindric to cylindric- 
clavate, narrowed below to a short stalk, eight-spored, (70—) 105-130 (—140) X 
(12—) 15-17 yw; ascospores hyaline, elongate-fusiform to subfiliform, pointed at 
the ends, 3—6-septate, sickle-shaped or sigmoid to nearly straight, more or less 
intertwined in the ascus, (60—-) 70-90 & 4-5 (—6) uw; paraphyses hyaline, fili- 
form, septate, simple or branched, about 2.5-3.0 mw in diameter, the tips 
swollen up to 4-5 uw and embedded in a brownish, gelatinous matrix, forming 
an epithecium. 
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Conidial fruiting bodies immersed to slightly erumpent, separate to sub- 
cespitose, black, subglobose, 0.4-1.0 mm. in diameter, 0.3—0.8 mm. in height, 
splitting widely at the top with a more or less lobed opening and becoming 
irregularly cup-shaped, similar in consistency and tissue structure to the 
apothecia, containing a more or less lobed cavity which becomes exposed; 
conidiophores lining the cavity, hyaline, cylindric, continuous or septate, 
simple or branched, about 10-20 X 2.5-3.0 yw; conidia hyaline, elongate- 
fusiform to subfiliform, pointed at the ends, sickle-shaped or sigmoid, 1—4-celled 
(47—) 50-70 (-90) X 4-5 (-6.0) uw, borne at the tip of the conidiophore. 

Host: Oxydendrum arboreum (L.) DC. 


Type: NYBG. On Oxydendrum arboreum (L.) DC. Tuskegee, Ala. 
Aug. 1900. G. W. Carver 479. 


Specimens examined: UNITED States: Georgia: Athens, DAOM 34485, 
JWG 828. 


The description above is based almost entirely on the Georgia specimen . 
which was received through the kindness of Dr. J. H. Miller. When first 
received the conidial state was in good fruit and the apothecia were immature, 
but by keeping it in a moist chamber for nearly three weeks and subjecting it 
to alternate periods of wetting and drying, some of the apothecia matured and 
discharged ascospores. Cultures were obtained from both ascospores and 
conidia and were identical, and both produced the same conidial fructifica- 
tions in culture. 

The species was first described by Ellis and Everhart (1902 (2) )based on 
on a collection from Alabama. Seaver (1951 (22) ) stated that he was able to 
find only conidia in the type specimen and listed it as a doubtful species. 
However, the original description indicated that Ellis had observed asci 
which he described as 70-75 X 8-10 uw, and through the kindness of Dr. D. P. 
Rogers it was possible to borrow the type and re-examine it very carefully. 

The type consists of a single twig about 5 cm. long and 8 mm. in diameter. 
It bears a considerable number of fruiting bodies but nearly all of them appear 
to be conidial fructifications. There are three or four that may be immature 
apothecia and a mount was made from one of these. A very few immature 
asci were found measuring 77-94 X 12-14 uw, and it could be seen that they 
contained subfiliform ascospores. These measurements and those of Ellis 
quoted above do not give an adequate idea of the size of the mature asci. 
The conidia and conidial fruiting bodies agreed with those in the Georgia 
material. 

There is no doubt, therefore, that the Georgia fungus is the same as Godronia 
rugosa Ell. & Ev., but the type barely comes within the letter of the law 
which states that the type of a state must bear that state. However, it does 
bear a few apothecia and the fungus is recognizable, and there does not seem 
to be any reason why the name cannot be accepted. The fungus is a typical 
Durandiella and is transferred to this genus. 


| 
4 
. 
Ad i 
‘ : 
| 
ad 
| 
. 
Gu 
a 
3 
wal 
: 
: 
= 
% 
if 
Bek: 
‘ 
wake 
ad 


to sub- 
height, 
coming 

to the 
xposed ; 
septate, 
ongate- 
4-celled 


Ala. 


34485, 


yecimen 


en first 
mature, 
cting it 
ired and 
res and 
uctifica- 


ased on 
; able to 
species. 
ved asci 
fully. 

ameter. 
1 appear 
imature 
imature 
at they 
of Ellis 
Ire asci. 
Georgia 


rodronia 
the law 
, it does 
ot seem 
typical 


GROVES: DURANDIELLA 139 


Durandiella seriata (Fr.) comb. nov. (Figs. 15, 16, 17, 23, 33) 
Cenangium seriatum Fries. Syst. Myc. 2:185. 1822. 
Triblidium seriatum Fries. Sclerom. Suec. 161. 1821. 
Phacidium seriatum Fries. Elench. Fung. 2:131. 1828. 
Dermatea seriata Tul. Sel. Fung. Carp. 3: 160. 1865. 
Scleroderris seriata Rehm. Rab. Krypt.-Fl. I, 3:211. 1889. 
Cenangella seriata Lambotte. Flor. myc. Belg. 271. 1880. 
Godronia seriata Seav. Mycologia, 37 : 345. 1945. 
? Cenangium betulae Fries. Syst. Myc. 2:187. 1822. 
Dermatea betulae Crouan. FI. d. Finist. p. 437. 1867. 
St. conid. 
Cenangium compressum Schw. Trans. Amer. Phil. Soc. IT, 4 : 238. 
1832. 
Sphaerocista betulae Preuss. Linnaea, 25 : 736. 1852. 
Sphaeronema seriatum Berk. & Curt. Grev. 2:178. 1874. 
Dothiorella betulae Sacc. Syll. 3: 236. 1884. 
Gelatinosporium betulinum Peck. Ann. Rep. N.Y. State Museum, 25 : 
84. 1873. 

Apothecia erumpent, gregarious, cespitose in more or less transversely 
elongated clusters 5-20 mm. or more in length, irregular in shape, undulate 
or circular to somewhat elongated, sessile, slightly narrowed below, 0.4-1.0 
mm. in diameter, 0.5-1.5 (—3.0) mm. in height, black, glabrous, very hard, 
horny in consistency, becoming more cartilaginous to fleshy-leathery when 
moist; hymenium concave to plane, black, more fleshy than the excipulum, 
with a thick, raised, and somewhat inrolled, persistent margin; tissue of the 
hypothecium plectenchymatous, composed of interwoven, ascending, brownish 
to nearly hyaline hyphae about 1.5-3.0 uw in diameter with the walls thickened 
and gelatinized, at the outside becoming thicker and darker forming a rindlike 
excipulum; subhymenium not differentiated; asci cylindric-clavate, tapering 
below to a slender stalk, eight-spored, (85—) 90-110 (—-125) & (10—) 11-13 yp; 
ascospores hyaline, acicular to filiform, sometimes subclavate, pointed at the 
ends, one- to four- to six-celled, sickle-shaped to sigmoid or nearly straight, 
more or less intertwined in the ascus, (30—) 40-50 (-60) XK 2.5-3.5 (-4.0) uw; 
paraphyses hyaline, filiform, septate, simple or branched, about 2.0-2.5 yw 
in diameter, the tips slightly swollen to 3.0-4.0 w and forming a brownish 
epithecium. 

Conidial fruiting bodies erumpent, usually cespitose in transversely elongated 
clusters, arising from the same stroma as the apothecia, occasionally single, 
black, glabrous to slightly greenish-furfuraceous, irregular in shape, more 
or less globose or laterally flattened, at first appearing more or less convoluted, 
then tearing open irregularly at the top and sometimes splitting into lobes, 
consistency similar to the apothecia; tissue composed of more or less vertically 
parallel hyphae curving toward the outside and becoming thicker walled 
forming a black, plectenchymatous excipulum, in the upper part becoming 
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more loosely interwoven, containing a more or less lobed cavity, splitting open 
at the top; conidiophores lining the cavity, hyaline, cylindric, septate, simple, 
not observed branching, about 10-30 X 1.0-1.5 uw; conidia hyaline, subfiliform, 
mostly strongly curved, sickle-shaped, occasionally sigmoid to nearly straight, 
one- to four-celled, pointed at the ends, (20—) 30-45 (-55) X (1.5-) 2.0-3.0 
(—4.0) 

Host: Betula spp. 

Type: UPS. Triblidium seriatum ex herb. Fries. 

Exsiccati: Moug. & Nestl. Stirp. Crypt. Voges. 1479 (as Cenangium seria- 
tum); Roum. Fung. Sel. Gall. Exs. 336 (as Dermatea seriata); Desm. Pl. Crypt. 
Fr. 384 (as Cenangium seriatum); Fckl. Fung. Rhen. 1104 (as Triblidium 
‘seriatum) ; Ell. N. Amer. Fung. 537 (as Gelatinosporium betulinum); Ell. & Ev. 
Fung. Columb. 833 (as Gelatinosporium betulinum) ; Shear N.Y. Fung. 200 (as 
Gelatinosporium betulinum). 

Specimens examined: CANADA: Quebec: Chelsea, JWG 51/1. 

UNITED StaTEs: K ex herb. Schw. labelled type of Cenangium compressum 
Schw. locality not given. 


Europe: France: Mendon, P, presumably the specimen on which 
Tulasne’s description was based; Sweden: UPS, three specimens ex herb. 
Fries, locality not stated. 

Of the nine species here referred to the genus Durandiella, this is the only 
one definitely known to occur in Europe and it appears to be better known 
and more common there than in North America. I have only collected the , 
conidial state on one occasion and have never found the apothecia in nature. 
Seaver (1945 (21) ) stated that there was only one perfect specimen in the 
herbarium of the new York Botanical Garden and this was collected by 
Paul F. Shope in Colorado. 

It was described by Fries (1822 (3) ) as Cenangium seriatum and was distri- 
buted in the Scleromycetes Sueciae No. 161 as Triblidium seriatum. In the 
herbarium at Uppsala there are three specimens from Fries’ herbarium all 
labelled Triblidium seriatum. They all appear to be the same fungus but 
only one is in good condition. This specimen has been taken as the type. 

As is evident from the list of synonyms cited above, the generic position 
of this fungus has been a matter of disagreement. However, it seems to belong 
quite naturally with the group of species placed in Durandiella. The gross 
appearance, consistency, tissue structure, ascospores, and conidia are all 
similar to other Durandiella species. No cultures have been made from 
ascospores but the conidial cultures from JWG 5/1 were similar in general 
appearance to other Durandiellas, and on malt extract agar they produced a 
red pigment similar to that observed in cultures of D. fraxini, D. alni, and 
D. rugosa. The nature of the association between the apothecia and the 
conidial fructifications, in that both may be observed arising from the same 
stroma, seems to leave no doubt as to the genetic connection. In my opinion 
the fungus is unquestionably congeneric with D. fraxini. 
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A specimen in the herbarium of the Natural History Museum, Paris, 
labelled Cenangium betulae Fries is this species and the original description 
by Fries (1822 (3) ) is not inconsistent with placing the name in synonymy 
with D. seriata. However, the type has not been seen. The two names 
would have equal claim to recognition but, since there is some doubt con- 
cerning the identity of C. betulae, and the epithet “‘seriatum’”’ has been widely 
accepted as well as having page priority, it is undoubtedly the preferable 
name. 

Cenangium compressum was described by Schweinitz (1832 (19) ) as a 
discomycete, but specimens in the herbaria at Kew and Uppsala from the 
Schweinitz herbarium and apparently part of the type, consist solely of the 
conidial state of D. seriata. The original description also fits this conidial 
state very well. It is best known in North America as Gelatinosporium 
betulinum Peck, but von Héhnel (1916 (10) ) stated that it was the same as 
Sphaerocista betulae Preuss. Probably the list of synonyms cited for the 
conidial state is incomplete. 


Durandiella viburnicola (Seaver) comb. nov. (Figs. 6, 7, 19, 28) 
Godronia viburnicola Seaver. Mycologia, 37 : 349. 1945. 

Apothecia erumpent, gregarious, cespitose with up to 10 or more in a 
cluster, strongly undulate to nearly circular, sometimes laterally fused, 
sessile, slightly narrowed below, 0.3-0.8 mm. in diameter, 0.2—0.5 mm. in 
height, black, glabrous, hard, horny in consistency, becoming more cartila- 
ginous when moist; hymenium concave to plane, black, becoming greenish 
when moist, more fleshy than the excipulum, margin more or less raised; 
tissue of the hypothecium plectenchymatous, composed of interwoven, 
ascending, brownish to nearly hyaline hyphae about 1.5—-3.0 mw in diameter 
with the walls greatly thickened and gelatinized, curving toward the outside 
where the walls are thicker and very dark and the cells somewhat enlarged 
forming an almost pseudoparenchymatous but not sharply differentiated 
excipulum; subhymenium composed of hyaline, interwoven, thin-walled 
hyphae about 2.0—2.5 uw in diameter; asci cylindric-clavate, tapering below to 
a slender stalk, eight-spored, (88—) 100-125 (—130) & 10-13 (—14) yw; asco- 
spores hyaline, elongate-fusiform to subfiliform, one- to four-celled, flexuous or 
variously curved to nearly straight, ends narrowed, more or less parallel to 
intertwined in the ascus, (50-) 60-80 (2.0—) 2.5-3.5 (—4.0) uw; paraphyses 
hyaline, filiform, septate, simple or branched, 1.5-2.5 yw in diameter, the tips 
swollen up to 5.0 wu and embedded in a brownish, gelatinous matrix forming 
an epithecium. 

Conidial fruiting bodies erumpent, scattered to gregarious, cespitose or single, 
black, glabrous, subulate to somewhat flask-shaped, 0.1—0.2 mm. in diameter, 
0.4-1.0 mm. in height, similar in consistency and tissue structure to the 
apothecia, containing an elongated, flask-shaped cavity; conidiophores lining 
the cavity, hyaline, cylindric, pointed at the tip, continuous or septate, not 
observed branching, about 10-20 X 2-3 uw; conidia hyaline, elongate-fusiform 
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to subfiliform, pointed at the ends, sickle-shaped or sigmoid to nearly straight, 
one- to six-celled, (45—) 50-70 (-85) X (2.5-) 3.0-4.0 yw, borne at the tip of 
the conidiophore. 

Host: Viburnum spp. 

Type: Rel. Farl. 154a. On Viburnum cassinoides L. Chocorua, New Hamp- 
shire, Sept. 1913. 

Exsiccati: Fckl. Fung. Rhen. 1124 (as Cenangium viburni ?). 


Specimens examined: UNITED States: New Hampshire: Chocorua, FH 
as Tympanis fasciculata. South Carolina: Pineville, BM as Cenangium 
viburni. Pennsylvania: K ex herb. Schw. as Tympanis fasciculata. 
Michigan: Moose Lake, Tobin Harbour, Isle Royale, A. H. Povah Fp 247, 
as Godronia urceolata, M. 


Seaver (1945 (21) ) drew attention to the fact that the two specimens 
distributed in Rel. Farl. 154a and 154b under the name Tympanis fasciculata 
Schw. were actually different fungi. The specimen in 154b is the true 
Tympanis with multispored asci, whereas the specimen in 154a, although very 
similar in gross appearance, has eight-spored asci with filiform ascospores. 
He described it as Godronia viburnicola but it is a typical Durandiella. 

A specimen in the herbarium at Kew labelled ‘‘Tympanis fasciculata Sch. 
Viburnum dentatum. Penns. Mitchener’’ proved on examination to be this 
Durandiella also and, for a time, raised the question as to whether or not 
the epithet ‘fasciculata’ might prove to be the correct name for the Duran- 
diella rather than the Tympanis. However, through the kindness of the late 
Dr. S. C. Damon, the type of Tympanis fasciculata in the Schweinitz herbarium 
was examined and proved to be the true T'ympanis. 

Two Ravenel specimens, one in Kew and one in the British Museum, 
labelled Cenangium viburni (Schw.) Fr. also proved to be the Durandiella. 
Since Peziza viburni Schw. is the basinym for Godronia viburni (Schw.) Rehm 
which is a species of the G. urceolus group and quite a different fungus, it 
became essential to examine the type of Peziza viburni Schw. Through the 
kindness of Mr. J. A. Stevenson and Miss E. K. Cash it was possible to borrow 
the Schweinitz type from the Michener collection and it proved to be neither 
of these fungi., The fungus was actually the species known as Cenangella 
ravenelit (Berk.) Sacc., a strikingly distinct Dermea-like species with large two- 
celled ascospores that occurs on J/ex. The wood of the host was examined 
microscopically by Mr. J. D. Hale, Wood Technologist, Forest Products 
Laboratory, Ottawa, and proved to be J/ex and not Viburnum. 

Thus Peziza viburni Schw. was based on a misidentification of the host 
and appears to be the earliest name for Cenangella ravenelii, and the species 
hitherto known as Godronia viburni is left without a valid name. It is 
evident that the Ravenel specimens mentioned above were simply misidenti- 
fications. 

It would appear, therefore, that although this fungus has been collected a 
number of times, it was not described until studied by Seaver (1945 (21) ). 
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I have searched for this fungus many times but have never succeeded in 
finding it in the fresh condition. The description of the conidial state is based 
on the specimen cited above in the herbarium of the University of Michigan 
and misidentified as Godronia urceolata (Fr.) Karst. The conidia are similar 
to those of other Durandiella species and the conidial fruiting bodies are like 
those of D. alni. The fungus has not been cultured, but there would seem to 
be little doubt of the genetic connection in this instance. 
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STUDIES IN FOREST PATHOLOGY 


XII. DECAY OF WESTERN HEMLOCK IN THE UPPER 
COLUMBIA REGION, BRITISH COLUMBIA! 


By R. E. Foster, H. M. Craic, anp G. W. WALLIs? 


Abstract 


An investigation of western hemlock (Tsuga heterophylla (Raf.) Sarg.) in the 
Upper Columbia region has shown that decay losses are excessive, amounting 
to 52 and 74% in terms of cubic and board foot computations respectively. 
The logs of 833 hemlock on 36 sample plots located in mature timber were 
analyzed in detail. Twenty-six decay-producing fungi have been isolated. 
Sixty-two per cent of the total decay was attributed to Echinodontium tinctorium 
Ell. & Ever. and 25% to Fomes pini (Thore) Lloyd. Considerable variation in 
the fungi responsible for decay was encountered intraregionally. Stand defect 
losses varied from 38 to 71%. Some of this variation could be predicted on the 
basis of the site index determinations of hemlock. Relative to the total incidence 
and importance of decay, Echinodontium tinctorium decreased and Fomes pint 
increased in significance with increasing site quality. Sporophores, scars, dead 
tops, large rotten branches, swollen knots, frost cracks, forked trees, and trunk 
infections of mistletoe were classed as indicators of significance in relation to 
hidden defect. Living trees, classed as Suspect or Residual depending on the 
presence or absence of one or more reliable indicators of defect, were found to 
differ appreciably in average defect. Within each of the preceding classes 
decay increased progressively with increasing diameter and decreasing site 
quality. Immature hemlock was found to be susceptible to appreciable decay 
and mature stands reached an advanced stage of deterioration at 250 years. 
Multiple correlation analyses between percentage of decay, site, age, and the 
relative percentage of Residual trees weighted by volume permitted an estimate 
of total stand defect within + 7%. 


Introduction 


Substantial volumes of mature and overmature western hemlock (Tsuga 
heterophylla (Raf.) Sarg.) have been reported (13) in the Upper Columbia 
region of British Columbia. Most areas within this region have been classed 
as accessible and the more productive sites have been found capable of 
supporting volumes in excess of 100,000 f.b.m. per acre.* Inventory analyses 
(12, 19) have shown, however, that mature stands are characterized by 
excessive defect. This finding has been confirmed through various unsuccessful 
attempts at sawtimber utilization. In view of these findings, hemlock has 
been relegated to a nonmerchantable status over most of the region and the 
utilization of mature stands has been recognized (18) as a problem of major 
importance. Recent trends in forest management, however, have provided 
for the regional establishment of integrated wood-using industries capable of 
utilizing partially defective and smaller-sized material. This development 
has emphasized the need for further information on defect losses. Accordingly, 
at the request of and in cooperation with the British Columbia Forest Service, 
a pathological survey of western hemlock was begun in 1949 and continued 


1 Manuscript received July 14, 1953. 
Contribution No. 107, Division of Forest Biology, Science Service, Department of Agri- 
culture, Ottawa, Canada. 
2 Officer-in-Charge, Forest Biology Ranger, and Assistant Forest Pathologist, respectively, 
Unit of Forest Pathology, Laboratory of Forest Biology, Victoria, B.C. 
3 Feet board measure, British Columbia scale. 
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through 1951. The objectives of the study were threefold: to determine the 
frequency of occurrence and importance of the fungi responsible for decay, 
to interpret the significance of visible abnormalities in relation to hidden 
defect, and to determine the factors contributing to excessive loss. 


This report constitutes a summary and interpretation of data derived from 
the analysis of 36 sample plots and 833 trees on representative forest sites 
within the region under consideration. 


Review of Previous Investigations 


Although reliable data are available relative to the pathology of hemlock 
in the Coast region‘, conditions of forest growth and influence are known to 
vary appreciably from those in the Interior of the Province. 

An examination of published references to the decays of western hemlock 
indicates that existing information is of doubtful value with reference to the 
Upper Columbia region. Weir and Hubert (20) found, for example, that 
practically all of the decay in this species could be attributed to the Indian 
paint fungus (Echinodontium tinctorium Ell. & Ever.), a fungus only recently 
reported in the Coastal region (11). Approximately 90% of the hemlock was 
reported to contain measurable amounts of decay. Existing information 
pertaining to the Coast (5, 6, 9) shows that infection ratings seldom exceed 50%. 

Appreciation of the pathology of western hemlock in the Interior region is 
largely dependent on the early investigations of Weir and Hubert (20). These 
workers studied 201 hemlock and about an equal number of fir (Abies spp.) 
in northern Idaho. An average loss by decay of 30% was recorded and 
similar cull conditions were considered to obtain throughout the range of this 
species. Although Weir and Hubert provided a major contribution to the 
pathology of western hemlock, a general application of their data would not 
appear warranted in view of more recent findings. Echinodontium tinctorium, 
for example, has been reported (7) to be of greater significance on poor sites. 
It is unlikely, therefore, that data obtained in Idaho, for the most part near 
the southern limit of the commercial distribution of hemlock, would be 
applicable to the more productive sites of central British Columbia. 
Preliminary studies (8) conducted in the Upper Columbia region support 
this thesis. 

In 1932 Johnston (12) reported on an extensive inventory reconnaissance 
of the Upper Columbia Forest. Hemlock showing external evidence of defect 
was considered unmerchantable and all other mature hemlock was culled to 
the extent of 50% for hidden decay. Data in support of the latter defect 
value were not presented. It is probable, however, that estimates of hidden 
defect were obtained through the examination of felled and bucked timber 
and values derived in board feet on the basis of the then-existing standards of 
utilization. Similar cull factors were employed for all site indices. Although 
this basis of estimate would provide satisfactory information for preliminary 


“The term “Coast” or “Coast region" is used to refer to all areas of British Columbia west 
of the Coast range while ‘‘Interior"’ or ‘‘Interior region”’ refers to all areas east of these mountains. 
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survey purposes, the data fail to indicate the nature and extent of variation in 
decay, and thus have little direct application in terms of the objectives of 
the present study. 


In 1935 Walker (19) reported on a reconnaissance of the Upper Arrow 
Forest for the most part south of the region under consideration herein. A 
large proportion of the hemlock was found to be defective. 

An examination of other literature available prior to 1950 has failed to 
provide any detailed information relative to the decays or decay relationships 
of western hemlock in the Upper Columbia region, or of western hemlock in 
adjacent regions under similar conditions of forest growth and influence. 


Method of Study 
Location of Sample Areas 

Field work was confined to the valley of the Columbia River between Boat 
Encampment and Arrowhead, approximately 100 miles north and 30 miles 
south of Revelstoke, respectively. Western and eastern boundaries were 
established in the Monashee Mountains and Selkirk Range respectively 
(Fig. 1). For purposes of reference this area has been defined herein as the 
Upper Columbia region. The region is characterized by narrow valleys with 
steep slopes, the mountains reaching maximum elevations of 11,000 ft. above 
sea level. The outstanding topographic feature is the Selkirk trench which is 
comprised of the Columbia River valley to the north and the Arrow Lake 
system to the south. Within the region under consideration the main 
tributaries of the Columbia River are the Canoe, Bigmouth, Goldstream, and 
Downie. Many of the tributaries find their source in glaciers. The region 
lies within the Interior wet belt which is characterized by a moderately heavy 
precipitation, mostly in the form of snow. At Revelstoke, an average 
precipitation of about 40 in. is recorded and minimum _ temperatures 
are approximately —15° F. in January with maximums of about 95° F. in 
July (17). Apart from the higher elevations, most of the region is capable 
of supporting tree growth. Western hemlock and western red cedar (Thuja 
plicata Donn) are the principal forest species, but appreciable volumes of 
Engelmann spurce (Picea engelmannii Parry) occur at the northern limits of 
the region and substantial volumes of spruce and alpine fir (Abies lasiocarpa 
(Hook.) Nutt.) are found at the higher elevations, generally above 4000 ft. 
above sea level. Western white pine (Pinus monticola Dougl.) and Douglas 
fir (Pseudotsuga taxifolia (Poir.) Britt.) occur in association with hemlock 
more or less throughout the region. __ 

Sample areas were selected on the basis of site quality, maturity, and stand 
composition. In view of the initial objectives of the study, investigations 
were restricted for the most part to mature and overmature hemlock and 
analyses were further confined to stands containing at least 50% of their 
gross volume in hemlock. Most areas were found to meet the foregoing 
requirements. Although sample areas were not randomly selected, every 
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effort was made to reduce possible bias with respect to the incidence of disease, 
and it is considered that the data contained herein are representative of the 
pathological condition of mature hemlock in the region under consideration. 


Field Procedure 


Temporary sample plots, 0.25 acres in extent, were established within the 
areas selected for analysis. Plot descriptions pertaining to elevation, slope, 
aspect, lesser vegetation, and soil structure were recorded. All trees 5.6 in. 
and greater at d.b.h.° were tallied, their location plotted on cross-section paper, 
and the following information recorded: species, d.b.h., crown class, and total 
height. The nature and location of all visible abnormalities were recorded 
for the trees studied. 

Detailed measurements were completed on 833 trees. This number included 
21 trees selected adjacent to sample plots to provide an adequate sample of 
trees in the larger diameter classes. The latter trees were excluded from unit 
area considerations, but included in diameter and age relationships. 

Site indices were based on age-height curves (16) extended beyond 160 
years and on the average height of the dominant tree of average diameter as 
read from d.b.h.—height relationships for each plot. Investigations have 
indicated that the values so obtained provided relative rather than actual 
site index values. 

All hemlock trees on sample areas were felled and cut into 8-ft. or shorter 
lengths. Data were recorded on Tree Measurement Form SSB 228. Volumes 
were computed in board and cubic feet for 16-ft. logs using a minimum top 
diameter inside bark of 8 in. The volume contained between these limits 
was defined as gross merchantable volume in terms of saw-lumber and pulp- 
wood utilization. Board foot volumes were based on the British Columbia 
Log Scale (15) and cubic foot volumes on Smalian’s formula®. Measurements 
were made of incipient, advanced, and final stages of decay. In the absence 
of sporophores, or other reliable symptoms or signs of the causal fungus, 
samples of diseased wood were collected for laboratory analysis. In board 
foot deductions the diameter of decay was increased by 1 in. to conform with 
standard scaling practice in British Columbia (14). Individual logs were 
culled if they would not provide at least one-third of their gross volume in 
sound wood. In cubic foot deductions the actual diameters of decay were 
increased by one inch, but logs were culled only if entirely defective. 

Measurements were made of the average stump height of each tree. Total 
ages were determined by adding to the stump age the estimated number of 
years for a tree to grow to the measured stump height. In cases where it was 

5 Diameter at breast height (outside bark). 
B+ob where V = volume in cu. ft., B = basal area of the large end of the 


‘y= xX L log in sq. ft., b = basal area of the small end of the log in sq. ft., and 
L = length of the log in feet. 
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not possible to obtain a complete age count, the age of the tree in question 
was considered to be equal to that of an adjacent tree of the same diameter, 
height, and growth characteristics. 


Description of Sample Areas 


Basic data pertaining to the areas selected in mature and overmature 
hemlock are presented in part in Table I. Examinations were made of site 
index classes ranging from 60 to 120. Information provided by local forest 
officers indicated that this range would include most of the commercial stands 
of hemlock in the Upper Columbia region. The average stand age of hemlock 
varied from 208 to 271 years. These data are comparable with average 
values recorded for hemlock in many areas within the Coast region, but 
analyses of age-frequency distributions show that individual trees do not 
attain the advanced ages reported in mature and overmature stands west of 
the Coast Range. Only 0.1% of the trees were contained in age classes in 
excess of 425 years. Average stand diameters of hemlock ranged from 
17.3 to 23.7 in. and gross volumes per acre varied from 4500 to 13,800 and 
from 23,600 to 85,000 cubic and board feet respectively. These variations 
in volume may be attributed in part to differences in age, site index, and 
stand composition. On the average of all areas examined, hemlock comprised 
86% of the total stand volume. 

Plots were located between 1500 and 2400 ft. above sea level. Average 
slopes varied from approximately 0 to 40%. At Bigmouth, Downie Creek, 
and Wigwam the soil substratum consisted of alluvial and elsewhere of glacial 
deposits. For the most part, soils were podsolized and contained a thick 
humus layer of varying quality. The depth of fine soil varied from approxi- 
mately 12 to 40 in. Dryopteris linnaeana C. Chr. and Pachystima myrsinites 
Raf. occurred throughout most sample areas. Menziesia ferruginea Smith, 
Rubus pedatus Smith, and Vaccinium ovalifolium Smith appeared to be 
confined to the poorer sites, while Tierella unifoliata Hook. and Mnium spp. 
occurred on the better sites. The limited sampling and lack of reliable 
information with respect to the incidence and dominance of the lesser vegeta- 
tion, however, prevented an adequate interpretation of these data. 


Basic Loss 


Basic loss data are presented in Table II. It is to be noted that living 
western hemlock is subject to excessive defect. Thus, on the average of all 
areas examined, approximately 74% of the gross volume per acre was destroyed 
on the basis of board foot deductions for decay. In individual sample areas 
decay losses ranged from 52% at Cranberry Creek to 96% at Bigmouth Creek. 
Dead hemlock contained an average of 95% defect and further analyses have 
shown that all trees of this class contained in excess of 63% cull. Dead trees 
were uncommon and, therefore, the values obtained for total or stand defect 
are comparable with those recorded for living trees. 
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TABLE II 


BASIC LOSS DATA PERTAINING TO WESTERN HEMOCK IN THE UPPER COLUMBIA REGION 


Percentage of decay 
Locality Board feet : Cubic feet 
Living trees | Dead trees All trees Living trees | Dead trees All trees 
Bigmouth Creek 96.2 100.0 96.3 73.8 90.8 74.0 
Martha Creek 70.7 100.0 71.3 49.2 100.0 50.2 
Mars Creek 65.1 100.0 67.6 46.4 100.0 49.9 
Downie Creek 68.8 97.1 73.4 49.1 83.1 54.3 
Downie Creek 59.4 100.0 60.8 40.8 97.1 42.7 
Cranberry Creek 52.2 100.0 53.4 37.8 90.4 39.3 
Mars Creek 90.0 100.0 90.7 63.5 99.8 66.2 
Wigwam 78.1 88.4 78.4 52.4 73.3 $3.4 
Average all areas 73.7 95.2 74.5 50.8 86.1 52.2 


The foregoing values are based on board foot computations and include 
arbitrary culling standards for decay. A closer estimate of actual decay may 
be obtained by reference to cubic foot values. On the latter basis, decay 
losses varied from 39 to 74% between individual sample areas and averaged 
52% for the total sample. 


A difference of approximately 22% has been recorded in decay as expressed 
in board and cubic feet. Approximately 60% of this difference was attributed 
to the method of computing decay volumes and to the influence of the British 
Columbia Scale in logs of small diameter. The remaining differences resulted 
from culling practices employed in board foot scaling. 

Differences in decay of approximately 40% have been recorded between 
individual sample areas. Such differences are important in terms of forest 
inventory procedures. Thus, the application of the average defect value in 
cubic feet of 52% to the area of minimum defect would provide an under- 
estimate of net yield of approximately 1080 cu. ft. per acre. Applied to the 
area of maximum defect an overestimate of approximately 1960 cu. ft. per 
acre in terms of sound wood recovery would be obtained. These values 
constitute errors in net volume estimate of approximately 21 and 90% 
respectively. Errors of this magnitude emphasize the need for reliable 
indices to hidden defect to permit the designation of areas containing more 
or less than average cull. 


The Decay Fungi of Western Hemlock 


Although a considerable number of fungi were found in association with 
decay in western hemlock, very few were of frequent occurrence (Table III). 
Eighty-seven per cent of the total infections and 91% of the total decay were 
caused by fungi of the white-rot group. This classification of decay provides 
an evaluation of the relative lignin—-cellulose decomposition of wood. Fungi of 
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TABLE III 


RELATIVE IMPORTANCE OF THE PRINCIPAL DECAY FUNGI OF WESTERN HEMLOCK 
IN THE UPPER COLUMBIA REGION 


(Basis 812 trees) 


Infections Volume of decay 
Fungus 
Percentage Percentage 
Number of total Volume of total 
Brown cubical rots 
Fomes pinicola (Sw.) Cke. 58 4.4 1998.0 4.8 
Stereum abietinum Pers. 36 2.8 793.8 1.9 
Other fungi 13 0.9 30.0 Trace 
Unknown 60 4.7 954.4 ee! 
Total 167 12.8 3776.2 9.0 
White rots 
Echinodontium tinctorium Ell. & Ever. 742 56.8 26,173.0 62.4 
Fomes pini (Thore) Lloyd 165 12.6 10,570.3 25.2 
Porta subacida (Pk.) Sacc. 37 2.8 575.7 1.4 
Omphalia campanella Fr. 37 2.8 172.3 0.4 
Stereum sanguinolentum A. & S. ex Fr. 26 2.0 85.1 0.2 
Fomes annosus Fr. 10 0.8 99.9 0.2 
Other fungi 25 1.8 102.0 0.2 
Unknown 98 7.6 397.9 1.0 
Total 1140 87.2 38,176.2 91.0 
Total decay 1307 100.0 41,952.4 100.0 


the brown-rot group largely confine their activities to cellulose, whereas white 
rots may utilize both lignin and cellulose to varying degrees. It is not always 
possible to classify infected wood in this way owing to secondary chemical 
and physical changes in the properties of decay. Certain of the decays 
properly classified as white rots on the basis of chemical activity, for example, 
may appear brown in color, e.g. brown stringy rot caused by Echinodontium 
tinctorium. Boyce’s interpretation (4) that typical brown rots are cubical 
in nature has been followed in the present study. On the foregoing classifica- 
tion, brown rots would be of doubtful value with respect to cellulose recovery 
and white rots could be expected to provide yields in relation to the specific 
fungi responsible for decay. Evidence has been presented (3, 10) to indicate 
the possibility of obtaining substantial yields from white spongy butt rot caused 
by Fomes annosus Fr. and white pitted rot caused by Fomes pini (Thore) 
Lloyd. It does not follow that satisfactory yields could be derived from all 
white rots. In view of the lack of reliable information in this latter regard, 
studies relating to the potential yield to be derived from the more frequently- 
occurring and important decays of this group appear necessary. 

Brown crumbly rot caused by Fomes pinicola (Sw.) Cke. was found to 
contribute only 4% of the total infections and 5% of the total decay. Most 
of the infections occurred in dead trees, negligible volumes being recorded in 
living material. 
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TABLE IV 


THE INCIDENCE AND IMPORTANCE OF Echinodontium tinctorium IN RELATION TO SITE INDEX 
VALUES. OF WESTERN HEMLOCK IN THE UPPER COLUMBIA REGION 


Site index 
Echinodontium tinctorium All sites 
60 80 100 120 
Incidence 
Percentage of total infections 76.4 62.6 49.5 44.5 56.8 
Importance 
Percentage of total decay 81.1 78.0 61.8 49.2 62.4 


Approximately 57% of the total infections and over 60% of the total decay 
was attributed to Echinodontium tinctorium (Plate 1). This fungus has been 
reported as the cause of an important decay of hemlock in Idaho (20) and of 
hemlock and amabilis fir (Abies amabilis (Dougl.) Forb.) in the Kitimat 
region of British Columbia (5). Despite its apparent wide host range and 
extensive distribution, however, it is not known to occur on hemlock or on 
associated coniferous species on the Queen Charlotte Islands (2, 9) or in the 
coastal regions of Washington and Oregon (7). It has been reported on 
Vancouver Island (11) and observed on the adjacent mainland of British 
Columbia. Current knowledge does not permit an adequate interpretation 
of its distribution and importance. The hypothesis has been advanced (9) 
that the geographical isolation of the Queen Charlotte Islands may account 
for its absence there. This suggestion would appear to have some merit in 
view of the incidence of the disease on the adjacent mainland. Natural 
barriers, however, fail to provide a satisfactory explanation of the apparent 
sporadic occurrence of the disease in the Coast region. It has been suggested 
that habitat factors may exert a limiting influence on the distribution of the 
fungus. Reports of the occurrence of the disease at higher elevations on 
Vancouver Island appear to support this opinion, but reliable confirmatory 
evidence is lacking. In view of the known susceptibility of western hemlock 
and associated species and the severity of the disease in the Kitimat and 
Upper Columbia regions, further investigations designed to clarify the factors 
contributing to its incidence and development are desirable. - Preliminary 
information of this latter nature has been obtained in the Upper Columbia 
region following analyses of decay in relation to site quality (Table IV). 
These data show that the initiation of infection and subsequent development 
of decay are influenced by site factors, the disease being relatively of greater 


Echinodontium tinctorium on western hemlock 


Fic. 2. Sporophore of E. tinctorium. 

Fic. 3. Longitudinal section of brown-stringy rot caused by E. tinctorium. 
Fic. 4. Cross section of brown-stringy rot caused by E. tinctorium. 

E. tinctorium on living hemlock. 
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TABLE V 


THE INCIDENCE AND IMPORTANCE OF Fomes pini IN RELATION TO SITE INDEX VALUES OF 
WESTERN HEMLOCK IN THE UPPER COLUMBIA REGION 


Site index 
Fomes pini All sites 
60 80 100 120 
Incidence 
Percentage of total infections 10.6 4.7 18.5 25.2 12.6 
Importance 
Percentage of total decay 14.7 1.3 21.3 40.9 25.2 


incidence and more serious consequence on the lower site index values. 
Significant differences were recorded between extreme site conditions: thus, 
76% infection and 81% loss were recorded on site index 60 and 44% infection 
and 49% loss on site index 120. The greater incidence and importance of 
E. tinctorium on poor sites has been suggested previously (7), but the evidence 
for the most part has been fragmentary. Accordingly, these present data 
are believed to provide the first reliable evidence in support of the former 
hypothesis. 

White-pitted rot, caused by Fomes pini (Plate II), ranked second in order 
of importance and was responsible for approximately 13% of the infections 
and 25% of the total decay. This fungus is known to occur on western 
hemlock in Alaska (1), and to be of importance on this species in the coastal 
regions of British Columbia (5, 6, 9), Washington, and Oregon (7). It has 
not been reported to be of major consequence on hemlock east of the Cascade 
Range. Analyses of the incidence and importance of F. pini in relation to site 
index appear to explain certain aspects of its distribution and variation within 
the Upper Columbia region (Table V). Fifteen per cent of the total decay was 
attributed to F. pini on site index 60 and 41% on site index 120. Existing 
information does not permit an interpretation of these findings in relation to 
interregional variations in decay. It is of interest to note, however, that 
F. pini appears to assume greater importance on the more productive forest 
sites on the Coast and is apparently of infrequent occurrence on hemlock in 
Idaho, a region approaching the southern limit of the commercial distribution 
of western hemlock. Fomes pini has been reported (7, 9) to increase in 
severity with increasing host age. The extent to which age may qualify the 
foregoing interpretations of decay in relation to site is not known. 


Fomes pini on western hemlock 


Fic. 6. Sporophore of F. pint. 

Fic. 7. Longitudinal section of white-pitted rot caused by F. pini. 
Fic. 8. Cross section of white-pitted rot caused by F. pint. 

Fic. 9. F. pini on living hemlock. 
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Only 21% of the total infections and 13% of the total decay was attributed 
to Stereum abietinum Pers., Polyporus sulphureus Bull. ex Fr., Poria subacida 
(Pk.) Sacc., Omphalia campanella Fr., Stereum sanguinolentum A. & S. ex Fr., 
and Fomes annosus Fr. Reference to the literature would indicate that 
several of these fungi may assume greater significance on hemlock than has 
been recorded herein for the Upper Columbia region. The present data thus 
provide further evidence of regional variation in the complex of decay- 
producing fungi. 

An additional 18 fungi were isolated in association with decay in living 
hemlock (Table VI). None of these fungi were of common occurrence or 
contributed to significant loss. It is of interest to note, however, that western 
hemlock is recorded for the first time as a host for Portia cocos (Schw.) Wolf, 
Flammula connissans Fr., and Corticium galactinum (Fr.) Burt. 


TABLE VI 


FUNGI OF SECONDARY IMPORTANCE ASSOCIATED WITH DECAY IN WESTERN 
HEMLOCK IN THE UPPER COLUMBIA REGION 


Fungus | 
Armillaria mellea (Vahl ex Fr.) Quél. 1 24 
Coniophora puteana (Schum. ex Fr.) Karst. 3 6.6 
Corticium galactinum (Fr.) Burt 5 22.6 
Flammula connissans Fr. 1 Trace 
Ganoderma applanatum (Pers.) Pat. 1 5.7 
Hericium sp. 1 4.8 
Merulius himantiotdes Fr. 1 Trace 
Odontia bicolor (Alb. & Schw. ex Fr.) Bres. 5 9.6 
Pholiota adiposa Fr. 1 Trace 
Polyporus schweinitzit Fr. 1 
Polyporus sulphureus Bull. ex Fr. 1 10.6 
Polyporus volvatus Pk. 2 1.4 
Poria asiatica (Pilat.) Overholts 2 7.8 
Portia cocos (Schw.) Wolf 2 16.4 
Porta tsugina (Murr.) Sacc. & Trott. 4 17.8 
Stereum chailletit Pers. 3 5.9 
Trechispora brinkmannit (Bres.) Rogers & Jacks. 3 a5.7 
Trechispora raduloides (Karst.) Rogers 1 Trace 
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External Indicators of Decay 


It has been indicated in an earlier section that reliable indices to hidden 
defect might serve to reduce possible errors in the estimate of net stand volume. 
To determine the extent to which external indicators might be of value in 
this connection, records were made of the nature, size, and location of all 
visible abnormalities, and trees were then felled and examined for defect. 
In this manner data were obtained that permitted an interpretation of the 
significance of abnormalities in relation to associated decay. Abnormalities 
visible only after felling were excluded from subsequent analyses. 

A total of 2419 abnormalities was recorded (Table VII). Five of the 13 
abnormality classes failed to provide reliable indications of hidden defect. 
Analyses of 248 trees with exposed roots, for example, showed that 28% 
contained butt rot as compared with 30% basal infection in trees with appar- 
ently normal root development. Similarly, woodpecker and sapsucker 
injuries, crook, sweep, burls, and swellings other than those attributed to 
mistletoe were not reliable indications of decay. All other recorded abnor- 
malities were of significance in 60% or more of the trees examined. Accord- 
ingly, sporophores, swollen knots (blind conks), large rotten branches, frost 
cracks, scars, dead or broken tops, forked trees, and trunk infections of 
mistletoe were classed as abnormalities significant of decay. Sporophores and 
swollen knots, produced following the more or less extensive development of 


TABLE VII 


ANALYSES OF VISIBLE ABNORMALITIES IN LIVING WESTERN HEMLOCK 
IN THE UPPER COLUMBIA REGION 


Trees containing one or more Trees containing one or 
abnormalities more similar abnormalities 
Percentage 
of trees 
Abnormalit Total containin Average 
Number of Number of 
frequency of |jabnormalities percentage 
abnormality*| in direct of decay*** 
association 


with decay** 


Sporophores 376 1342 100.0 143 53.6 
Swollen knots 17 17 100.0 1 63.9 
Large rotten branches 56 56 89.2 15 26.1 
Dead or broken tops 67 67 80.6 14 61.5 
Frost cracks 239 459 77.8 58 29.3 
Trunk infections of mistletoe 4 4 75.0 _ _ 
Forked trees 28 28 71.4 9 20.1 
Scars 91 116 64.8 29 42.1 
Other swellings 20 25 45.0 _ 

Woodpecker injuries 20 20 35.0 _— _ 
Crook or sweep 23 35 30.4 15.0 
Exposed roots 248 248 28.2 72 6.2 
Burls 2 2 0.0 - 


* Includes maximum recorded frequency of 10 abnormalities per tree. 
** Estimate based in some cases on partial sample. 
*** Total decay, weighted by tree volume. 
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rot, were consistently associated with hidden defect. Although the remaining 
abnormalities were not associated with decay in every instance, their value 
as indicators appears confirmed. Eighty per cent of the trees with dead or 
broken tops, for example, contained associated rot. In comparison, top rots 
were present in only 25% of the trees with full crown development. 

Further evidence of the reliability of certain of the defect indicators has 
been gained through the analysis of trees having only similar abnormalities. 
An average defect value of 54% was realized, for example, in 143 trees having 
sporophores as the only indicator of decay significance. On this same basis 
average values of 64, 61, and 42% were recorded in trees containing swollen 
knots, dead or broken tops, or scars, respectively. 

It is of interest to note that sporophores were present on 376, or 48%, of the 
living trees examined. Perennially-occurring sporophores of Echinodontium 
tinctorium and Fomes pini occurred on 301 and 73 trees respectively. Fomes 
pinicola was recorded on only two trees. Although no other sporophores were 
observed on the trees examined, it should be mentioned that other fungi, 
including Polyporus sulphureus, are known to produce fruit bodies following 
winter dormancy or on the advent of fall rains. Since the present study was 
carried out for the most part during July and August, seasonal fluctuations 
were not apparent. On the basis of cultural studies, however, it is evident 
(Table VI) that fungi producing annual fructifications were of infrequent 
occurrence in the areas studied. 

It is of further interest to record trends in the incidence of certain abnor- 
malities in relation to site index (Table VIII). Since swollen knots constituted 
early or abortive stages in the development of Fomes pini, the recorded 
relationship of increasing incidence with increasing site quality confirms the 
association previously recorded (Table V) through complete analysis of 
infections resulting from this fungus. The trends of increasing incidence of 
scars and decreasing incidence of dead and broken tops in relation to increasing 
site quality, however, remain unexplained through analysis of the existing 
data. Trends of increasing or decreasing occurrence were not apparent in 
the case of other abnormalities. 


TABLE VIII 


RELATIONSHIP BETWEEN SITE INDEX AND THE INCIDENCE OF CERTAIN ABNORMALITIES OF 
WESTERN HEMLOCK IN THE UPPER COLUMBIA REGION 


Percentage of total trees in site class containing 
abnormality listed 


Abnormality 
Site index 60 | Site index 80 | Site index 100 | Site index 120 
Swollen knots 0.0 0.5 0.8 7.0 
Scars 7.8 iia 13.8 19.9 
Dead or broken tops 15.6 10.2 9.2 Z.0 
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To determine the value of the combined indicators in estimating hidden 
defect, trees containing one or more abnormalities of decay significance were 
classed as Suspect and those free from any such abnormality were classed as 
Residual. Analyses of trees segregated on the foregoing basis are presented 
in Table IX. It is to be noted that Residual and Suspect trees are charac- 
terized by an appreciable difference in average defect. Average cull factors of 
11.6% for Residual and 55.1% for Suspect trees are recorded. In terms of 
board foot computations the two classes were found to contain 16.2 and 
77.4% defect respectively. Although Residual trees were on the average 
younger and smailer than Suspect trees of similar site classification, these 
differences explain only in part the recorded class differences in infection and 
amount of decay. Accordingly, most of the difference has been attributed 
to the classification per se. 


TABLE IX 


BASIC DATA PERTAINING TO RESIDUAL AND SUSPECT TREE CLASSES IN WESTERN HEMLOCK 
IN THE UPPER COLUMBIA REGION 


Site index 
Classification All sites 
60 80 100 120 
Residual trees 
Number 2 80 43 47 172 
Average age 180 221 192 153 194 
Average diameter 11.0 14.2 18.5 14.9 15.4 
Percentage of infection 50.0 71.2 58.1 44.7 60.5 
Percentage of decay 13.6 13.0 15.0 4.0 11.6 
Suspect trees 
Number 62 311 87 154 614 
Average age 238 251 243 260 251 
Average diameter 18.9 18.2 25.7 26.2 21.4 
Percentage of infection 97.0 95.2 98.8 - 95.4 95.9 
Percentage of decay 74.2 52.0 33.7 55.6 55.1 


It is suggested that the classification would be useful in designating stands 
higher or lower in decay susceptibility: and attack than the average value 
assigned on a regional basis. Thus, in the Upper Columbia region, stands 
containing a relatively high proportion of Suspect trees would be expected to 
contain greater than 50% defect, and conversely, stands containing a relatively 
high proportion of Residuals would contain less than this amount. In 
confirmation of this suggestion, all sample plots containing 20% or more of 
their volume in Residual trees contained less than 50% defect. 

No attempt has been made to define sound or cull trees. It might be 
anticipated that the Residual class would contain relatively few infected trees 
and the Suspect class a relatively high percentage of cull trees. Analyses 
show, however, that 62% of the former contained measurable volumes of 
decay and that trees containing 70% or greater defect could be anticipated in 


ue 
or 
ts 
ng 
sis 
en 
he 
zi, 
ng 
‘as 
nt 
nt 
ed 
ed 
he 
of 
of 
ng 
in 
At 
OF 
20 


160 CANADIAN JOURNAL OF BOTANY. VOL. 32 


each class. It is evident that the average values derived for one or the other 
class should only be applied to individual trees following recognition of the 
variation to be expected in amount of decay. The multiple correlation of all 
abnormalities and related factors affecting the development of decay would be 
required to provide adequate information on the decay and net volume content 
of individual trees. Accordingly, the classification should be regarded as 
of value in supplementing, but not replacing, correlation with the latter 
variables. 


Diameter Relationships 


Basic data were segregated into diameter, site index, and tree decadence 
classes. It was found that the sample of Residual trees was inadequate to 
provide reliable correlations of decay with diameter for each site class. Accord- 
ingly, it was necessary to combine certain of the data for site indices 60 and 80 
and for sites 100 and 120, and to consider the derived values applicable to 
poor and good sites respectively. The sample of Suspect trees, however, 
was sufficient to permit correlations within each site class. The curved data 
for Suspect and Residual trees (Figs. 10 and 11 and Tables X and XI) show 
that decay increased in importance with increasing diameter and decreasing 
site quality within each tree decadence class. In Suspect trees, decay 
increased from 54 to 86% between 10 and 35 in. on site index 60. Progressively 
smaller defect values were encountered with increasing site quality. Within 
the same diameter range, decay increased from 30 to 73% on site 80, 14 to 
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Fic. 10. Relationship between diameter and decay in Suspect western hemlock in the 
Upper Columbia region. Curves based on 62 trees, site 60; 311 trees, site 80; 87 trees, 
site 100; 154 trees, site 120. Average deviations: 10. 7%, site 60; 19. 8%, site 80; 
18.3%, site 100; 14.3%, site 120. Fic. 11. Relationship between diameter and decay 
in Residual western hemlock in the Upper Columbia region. Curves based 82 trees, sites 
= trees, sites 100-120. Average deviations: 11.1% sites 60-80; 10.9% sites 

00-120. 
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TABLE X 


161 


THE RELATIONSHIP BETWEEN DIAMETER AND PERCENTAGE OF DECAY AND NET MERCHANTABLE 
VOLUME TO AN 8-IN. TOP IN SUSPECT WESTERN HEMLOCK IN THE UPPER COLUMBIA REGION 


(Curved values) 


Cubic feet Board feet 
Diameter Number of 
breast height trees Average Average Average Average 
gross Percentage net gross Percentage net 
volume of decay* volume volume of decay** volume 
Site index 60 
10 11 2 54 1 10 87 1 
15 20 30 62 11 160 92 13 
20 12 63 69 19 360 96 14 
25 il 100 76 24 600 99 6 
30 6 143 82 26 860 100 0 
35 2 187 86 26 1120 100 0 
Site index 80 
10 33 4 30 3 20 48 10 
15 104 32 41 19 180 61 70 
20 127 78 51 38 440 73 119 
25 36 135 60 54 800 84 128 
30 19 200 68 64 1260 93 88 
35 2 270 73 73 1760 100 0 
40 _— 345 77 79 2310 100 0 
Site index 100 
10 8 6 14 5 30 20 24 
15 10 35 27 26 190 39 116 
20 12 82 38 51 480 55 216 
25 16 143 48 74 880 68 282 
30 23 216 55 97 1340 76 322 
35 14 297 60 119 1860 82 335 
40 3 382 65 134 2460 87 320 
45 1 470 68 150 3100 90 310 
Site index 120 
10 8 10 8 9 40 14 34 
15 29 38 20 30 200 31 138 
20 26 85 31 59 520 47 276 
25 22 150 42 87 970 62 369 
30 27 235 52 113 1500 75 375 
35 23 332 59 136 2100 84 336. 
40 13 440 65 154 2830 89 311 
45 10 550 70 165 3680 93 258: 
50 7 670 74 174 4560 95 228; 


* Logs culled in cubic feet only if entirely defective. 
** Logs culled in board feet if less than one-third of their gross volume in sound wood. 
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TABLE XI 


THE RELATIONSHIP BETWEEN DIAMETER AND PERCENTAGE OF DECAY AND NET MERCHANTABLE 
VOLUME TO AN 8-IN. TOP IN RESIDUAL WESTERN HEMLOCK IN THE UPPER COLUMBIA REGION 


(Curved values) 


Cubic feet | Board feet 
Diameter | Number of oo ao 
breast height trees Average | | Average | Average | | Average 
| gross Percentage | net | gross | Percentage net 
| volume of decay* volume | volume of decay** volume 
Site index 60 
| | 
10 25 2 9 | 2 | 10 14 9 
15 47 30 13 2 160 | 18 131 
20 10 63 18 52 | 300 25 270 
25 100 24 86 600 | 34 396 
30 | ~ 143 | 31 | 9 | 860 | 44 482 
| 
Site index 80 
| | | 
10 25 9 | 20. 14 17 
15 47 32 13 | 28 180 | 18 148 
20 10 78 | 18 64 440 | 25 330 
25 135 | 103 | soo 528 
30 — 200 | 31 | 138 | 1260 | 44 706 
Site index 100 
10 26 6 2 6 30 2 29 
15 28 ss 5 190 | 7 177 
20 22 82 10 74 480 13 418 
25 11 143 15 121 88 | 23 678 
30 1 216 22 168 1340 | 35 871 
| 
Site index 120 
| 
16 26 10 | 2 | 9 | 49 | 2 39 
15 28 38 5 36 200 7 186 
20 22 85 10 7 520 13 452 
25 11 150 15 127 970 23 747 
30 1 235 22 1500 35 975 


* Logs culled in cubic feet only if entirely defective. : 
** Logs culled in board feet if less than one-third of their gross volume in sound wood. 
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60% on site 100, and 8 to 59% on site 120. Since it has been shown in an 
earlier section that Echinodontium tinctorium increased in relative significance 
with decreasing site quality and that a reverse relationship existed with 
Fomes pint, it is evident that correlations between diameter and decay were 
dependent in part on the relative incidence of the two fungi. The nature 
and extent of correlations between diameter, decay, and site index, might also 
be expected to vary, however, for other reasons. Site index values, for 
example, may be influenced by climatic, edaphic, and biotic factors. These 
factors may be expected to fluctuate to some degree without significant change 
in the height growth of the dominant forest cover. It is entirely possible, 
however, that fluctuations of the latter nature may have an appreciable effect 
in some cases on the incidence and importance of the forest fungi. In such 
circumstances reference to site index values may provide an inadequate 
interpretation of the habitat factors contributing to variation in decay. 


Defect values in board feet were appreciably greater than those recorded 
in cubic foot computations. Almost complete disintegration of the heartwood 
was encountered in the larger diameter classes on site indices 60 and 80, and 
90% or greater defect was recorded in the maximum diameters on sites 100 
and 120. Decreasing yields of sound wood were realized above 25 in. on the 
lower sites and above 35 in. on the better sites. As might be expected, the 
diameter distribution of trees on site indices 100 and 120 provided for an 
extension of the data to 45 and 50 in. respectively. 


The curved data for Residual hemlock confirm the preceding relationship 
of total decay with site index, lower values being associated with the more 
productive sites. Decay increased within the diameter range 10 to 30 in. 
from 9 to 31% on poor sites and from 2 to 22% on good sites. The lower 
defect values associated with Residual trees provided for substantial recovery 
from individual trees. 

In Suspect trees the data for site index 100 are displaced above 30 in. No 
attempt was made to harmonize the data, however, as the factors contributing 
to variations of the nature recorded are not fully appreciated and may 
represent normal values for the complex of site factors analyzed. Reference 
to the values obtained for the individual sample areas may explain in part 
this discrepancy (Fig. 12). It is to be noted that the data for site index 100 
samples at Mars and Cranberry Creeks are widely displaced. Curves for 
the former area approach those of site index 80 and those of the latter area 
approximate site index 120. Displacement of the average curve for both areas 
in the direction of the latter site may be attributed to the disproportionate 
sampling. Seventy-four per cent of the total trees on site 100 were obtained at 
Cranberry Creek. The disparity between the two curves cannot be fully 
explained on the basis of the present data. The areas differed significantly, 
however, in average age, the hemlock at Cranberry Creek being appreciably 
younger than that sampled at Mars Creek. Average ages were 208 and 271 
years respectively. It is of interest to record, moreover, that 26% of the 
gross volume at Cranberry Creek was contained in Residual trees and that 


. 
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less than 3% of the volume fell in this category at Mars Creek. The extent 
to which the higher incidence of Suspect trees may reflect the relative import- 
ance of decay in this class is not known, but it is possible that the frequency 
of occurrence of Suspect trees may provide a further index to hidden defect. 

As might be expected from the foregoing relationships, the incidence of 
disease was found to increase progressively with diameter within all site index 
classes (Table XII). Consistent trends of decreasing infection with increasing 
site quality were also recorded. In the latter respect, the data are at variance 
with previous investigations (9) of decay in relation to site. This may be 
explained at least in part by the high incidence of Echinodontium tinctorium in 
the Upper Columbia region and by the influence of this fungus on the relation- 
ships derived for total incidence. 


TABLE XII 


THE RELATIONSHIP BETWEEN DIAMETER AND DISEASE INFECTION BY SITE CLASSES FOR LIVING 
WESTERN HEMLOCK IN THE UPPER COLUMBIA REGION 


(Basic data) 


Percentage of infected trees 
height Site index 60 Site index 80 Site index 100 Site index 120 
10 86 81 72 63 
15 95 87 70 68 
20 100 96 85 80 
25 100 100 96 100 
30 100 100 100 96 
35 100 100 100 100 
40 100 100 
45 = = 100 100 
50 -- — = 100 


Age Relationships 


The frequent development of decay in the basal portion of affected trees 
made it possible to obtain an accurate count of age in only 56% of the total 
trees examined. In the remaining cases, estimates of the missing or obscured 
growth rings were interpolated from adjacent trees of similar size and growth 
characteristics. Although the extensive application of curved values based 
on data so derived may be unwarranted, the recorded trends are of some 
interest. Thus, approximately 15% defect was recorded at 150 years, 50% 
at 250 years, and 75% at 400 years (Fig. 13). Somewhat lower cull values 
were obtained on the better sites. Subject to the qualifications mentioned, 
decay appears to be well established in young hemlock and to be capable of 
rapid development with increasing age. The defect values are appreciably 
greater than those recorded for hemlock of similar age in other regions. It is 
of interest to note, moreover, that hemlock has not attained advanced over- 
maturity in the sense that stands are so classified in the Coast region. The 
maximum age recorded was 436 years. Factors other than age, therefore, 
appear to have contributed to the extensive losses recorded herein. 
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PERCENTAGE OF DECAY-CUBIC FEET 
PERCENTAGE OF DECAY-CUBIC FEET 


10 20 30 40 
DIAMETER AT BREAST HEIGHT OUTSIDE BARK - INCHES AGE- YEARS 
Fig. 12 Fig. 13 


Fic. 12. Relationship between diameter and decay in Suspect western hemlock in the 
Mars and Cranberry Creek areas of the Upper Columbia region. Curves based on 28 
trees, Mars Creek; 59 trees, Cranberry Creek. Fic. 13. Relationship between age and 
decay in western hemlock in the Upper Columbia region. Curve based on 833 trees. 


In view of the implications in forest management of defect losses of the 
order of 15% in 150-year-old stands, further investigations of decay in relation 
to age were undertaken to test the reliability of these data as applied to 
essentially even-aged immature forests. Six plots were established in the 
Mt. McPherson area, adjacent to Revelstoke, at an elevation of approximately 
2000 ft. above sea level. Two major age classes, 100 and 150, were represented 
in the sample, and over 85% of the trees and 75% of the volume were contained 
in these classes (Table XIII). Cull values of approximately 13 and 20% 
were recorded in terms of cubic foot computations at 100 and 150 years 


TABLE XIII 


THE RELATION BETWEEN AGE AND DECAY IN AN IMMATURE FOREST OF WESTERN HEMLOCK 
IN THE UPPER COLUMBIA REGION 


(Basic data) 


Age class Number of trees 
76-125 33 10.3 13.2 
126-175 108 67.0 20.5 
176-225 11 8.3 45.2 
226-275 5 5.4 44.2 
276-325 6 oe 53.0 
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respectively. These data are comparable with values derived for trees of 
similar age in mature forests and show that appreciable defect may be 
encountered in second growth hemlock in the Upper Columbia region. As 
in mature forests, Echinodontium tinctorium was found to be the primary 
fungus responsible for decay. 

The basic data for 100- and 150-year-old trees have shown an average loss 
from decay of 7 and 32% for the Residual and Suspect classes respectively. 
Forty-one and ninety-one per cent of the preceding classes contained meas- 
urable amounts of decay. These data appear to support the validity of the 
classification equally as well in young as in mature forests. 


Correlation Analyses 


Multiple correlation analyses were undertaken to reduce ‘the apparent error 
in estimating the net volume content of individual trees and to provide a valid 
predicting mechanism for the estimation of total stand defect. 

In consideration of the first objective it was assumed that tree diameter 
would continue to be the most useful of the primary indices in estimating 
volume and decay. Accordingly, initial tests were made to determine the 
value of the tree decadence classification in reducing the apparent variation 
between diameter and decay. These tests showed that total variance, 
measured in the case of living trees, could be reduced 22% through use of the 
Residual and Suspect classification. Further tests, undertaken to determine 
the value of site index, showed that total variance could be reduced 52% 
through use of this measure of site quality superimposed on the foregoing 
relationships. Accordingly, it is evident that the multiple correlation of 
diameter, the tree decadence classification, and site index could be of consider- 
able value in estimating the amount of decay contained in individual trees. 
Values based on multiple curvilinear correlations of the foregoing variables 
are presented in Tables X and XI. 

In consideration of the second objective, multiple linear correlation analyses 
were undertaken between percentage of decay, site quality, average stand age, 
and the tree decadence classification. The latter classification was interpreted 
on the basis of the volume of Residuals in relation to the total volume of all 
living trees. Following analysis of the 36 sample plots established in mature 
and overmature forests, it was found that stand defect could be estimated 
within the limits of a standard error of + 7.1%. In terms of variance, the 
latter value was of the order of 33 and 46% more accurate than simple linear 
correlations of age and site quality respectively. The multiple correlation 
was only about 5% more accurate, however, than the simple correlation 
between decay and the Residual—Suspect classification. The latter correlation 
provided a standard error of estimate in percentage of decay of + 7.3%. It 
is evident, therefore, that the multiple correlation failed to show any sub- 
stantial improvement and that on the basis of sample plot values derived 
from the present study and for purposes of estimating stand defect, the extra 
time and effort required to determine age and site quality would not be 
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Y= ~67X + 57.51 
25.62** 


STAND DEFECT -CUBIC FEET- PER CENT 


10 20 30 40 
RESIDUAL VOLUME - PERCENTAGE OF TOTAL VOLUME 


Fic. 14. Linear regression between percentage of stand defect and the weighted volume 
of Residual trees expressed as a percentage of the gross volume of all living trees. 


warranted. Studies designed to include a wider range in values of site quality 
and age would be required, however, to verify this interpretation as applicable 
to hemlock throughout the Upper Columbia region. 

A linear regression equation was derived to illustrate the simple correlation 
between the tree decadence classification and decay (Fig. 14). Pending 
further information, the tree decadence classification may be interpreted as 
providing one of the most reliable, available, direct indices for the estimation 
of stand defect in western hemlock in the Upper Columbia region. 


Discussion 


The present study was undertaken to provide essential information relative 
to the pathology of western hemlock in the Upper Columbia region of 
British Columbia. 


Examinations of the fungi responsible for decay showed a high incidence of 
infection and volume of loss associated with the Indian paint fungus, Echino- 
dontium tinctorium. This finding confirms previous evidence of the nature 
of decay in western hemlock in the Interior, but is at variance with existing 
information pertaining to this species in the Coast regions of British Columbia, 
Washington, and Oregon. In the latter regions, studies have shown the 
presence of a complex association of decay-producing fungi and, generally 
speaking, no single fungus contributes to appreciable loss to the extent recorded 
herein. Although western hemlock is known to be susceptible to E. tinctorium 
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in certain areas on the Coast, and the fungus is known to be equally as agressive 
in individual trees as reported for the Upper Columbia region, few trees appear 
to be infected. It is suggested that the apparently complete absence or slight 
incidence of the disease on the Queen Charlotte Islands and on Vancouver 
Island may be related to natural barriers and habitat factors. Factual data, 
however, are lacking. In view of the known capabilities of E. tinctorium on 
western hemlock in the Interior, further studies relating to the fungus and its 
major coniferous host would be warranted. 


Appreciable decay was caused by Fomes pini. Although this fungus is 
known to be of widespread distribution, it has not heretofore been classed as 
the cause of a decay of major importance: in hemlock in the Interior region 
of British Columbia. 


It has been shown that considerable variation in the incidence and import- 
ance of the forest fungi occurred within the region studied. Although it had 
been known that variations of this nature might be anticipated inter- 
regionally, it had not been recorded that similar differences might exist within 
regional boundaries. Striking differences were found between areas situated 
within a radius of three miles and falling within a continuous forest of mature 
hemlock. Although the factors controlling variations of this nature are not 
fully appreciated, it was observed that consistent trends of decay were 
recorded in relation to site index. Relative to the total incidence and 
importance of decay, Echinodontium tinctorium decreased and Fomes pini 
increased in significance with increasing site quality. These findings suggest 
that a detailed examination of habitat factors might be valuable. The 
possible influence of the latter factors should be examined in relation to both 
fungus and host. If the present findings are substantiated in other regions 
and extended to include other fungi, the extent of correlation between site 
index and decay would be dependent on the relative incidence of the different 
fungi present. In the present study, for example, decay increased with 
decreasing site quality. This relationship was dependent in large part on the 
influence exerted by the high incidence of Echinodontium tinctorium. In 
regions where other fungi predominated, similar or reverse relationships, or 
an apparent lack of correlation, might be encountered. 

Seventy-eight per cent of the living hemlock examined were found to exhibit 
one or more visible abnormalities of significance in providing evidence of hidden 
defect. Sporophores, frost cracks, dead or broken tops, scars, swollen knots, 
large rotten branches, forked trees, and trunk infections of mistletoe were of 
importance in this regard. The classification of living trees as Suspect or 
Residual, depending on the presence or absence of one or more of the preceding 
abnormalities, proved to be of value in estimating the net volume content of 
individual trees and in predicting total stand decadence. In view of the 
variations in decay encountered between sample areas, it can be appreciated 
that the classification might be of considerable importance in terms of forest 
inventory procedures and management recommendations as applied to the 
Upper Columbia region. 
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Regional volume tables have been prepared for site indices 60 to 120, 
inclusive, indicating the probable net recovery associated with diameter and 
tree decadence classes. Decay was found to increase progressively with 
diameter and to be of greater consequence on the poorer sites. Decay was 
of less importance in Residual than in Suspect trees of similar size and site 
classification. Analyses have shown that total variance relating to the 
estimation of decay in individual trees may be reduced appreciably through 
the multiple correlation of diameter, site index, and the tree decadence 
classification. The multiple correlation of site, age, and the Residual— 
Suspect classification, however, was only 5% more reliable in estimating total 
stand defect than the direct correlation of decay with the decadence 
classification. 


In comparison with values derived for the Coast region of the Province, 
hemlock was found to reach an advanced stage of deterioration at a com- 
paratively early age. This situation may be attributed in part to the lower 
site values and the higher incidence of infection of E. tinctorium. This fungus 
appears to be capable of infecting stands at an early age and of progressive 
development until most, if not all, of the heartwood is destroyed, only a shell 
of sound wood remaining. Analyses of the frequency-distribution of trees by 
age and diameter indicate, moreover, that hemlock may reach physiological 
as well as pathological maturity at an earlier age than that normally 
anticipated for this species west of the Coast Mountains. 


On the basis of the sample areas examined, average defect values of 52 and 
74% were recorded in terms of cubic and board foot computations respectively. 
Over 96% of the potential saw timber volume was destroyed in one area. 
Average and maximum cull values of this magnitude indicate the serious 
problem confronting foresters in the utilization and management of hemlock. 
Hemlock need not be relegated to a nonmerchantable status over the entire 
region, however, as minimum cull factors in cubic and board feet of 39 and 
53% were encountered in one area and values of this and lower magnitude may 
be anticipated elsewhere. Saw timber volumes in excess of 15,000 f.b.m. per 
acre were recorded in one-half of the sample areas investigated and a potential 
net recovery of 23,000 f.b.m. per acre was recorded in one instance. These 
volumes are exclusive of the sound wood contained in species other than 
hemlock. Despite the relatively substantial yields indicated, it would seem 
unlikely that more than 25% of the total stand volume could be recovered 
through saw timber utilization. Owing to the greater importance of decay 
in the larger diameter classes, moreover, much of this volume would be 
contained in the lower grades. Utilization in terms of pulpwood values would 
provide for greater recovery. This increase might arise in part through the 
utilization of the sound wood contained in partially defective logs unsuitable 
for saw timber purposes. Additional recovery could be anticipated from 
trees and sections below sawlog size. On the basis of present evidence, 
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moreover, it is possible that certain of the material considered of doubtful 
value under existing standards of utilization could be diverted to the produc- 
tion of kraft pulp. It seems possible, for example, that white-pitted rot, 
caused by Fomes pini, would provide satisfactory yields. The capabilities in 
this regard of brown stringy rot, caused by Echinodontium tinctorium, are not 
known. Although the decay is classified as a white rot on the basis of 
biological and chemical activity, the nature of the advanced stage of decay 
indicates a substantial reduction in cellulose content. In view of the frequent 
occurrence of this decay throughout the greater part of the Upper Columbia 
region, tests designed to determine pulping qualities and yields would be 
justified. 

Despite the extensive cull losses recorded, very few dead trees were encoun- 
tered. On the average, less than 3% of the total stand volume was contained 
in this class of material. This finding indicates that primary or secondary 
agents, other than fire, have not contributed to extensive mortality in recent 
years. Trends of decay in relation to tree size and age indicate, however, 
that the existing mature and overmature forests can be expected to deteriorate 
to a condition of even lower return in the near future. Accordingly, their 
removal and subsequent replacement by younger and more vigorous stands 
constitute important silvicultural requirements. Integrated utilization, 
followed by clear cutting or burning of the highly defective material would 
provide one approach to the former need. Although unsubstantiated herein 
by factual data, observations indicate that satisfactory natural reproduction 
of hemlock and associated species is to be anticipated in most cases following 
fire and logging. 

Further investigations of the susceptibility of young forests to loss from 
decay seem desirable. Present evidence indicates that appreciable volumes 
of rot may be present in stands of from 100 to 150 years of age. Isolated, yet 
highly defective, representatives of older age classes were found in close 
association with all immature trees studied, however, and it is possible that 
their presence may have contributed to the relatively high incidence of decay 
in the younger trees. The values derived, therefore, may not necessarily be 
indicative of the defect losses to be anticipated in existing second growth 
stands throughout the region or in future crops grown under scientific 
management. 
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GNOMONIA FRUCTICOLA ON STRAWBERRY! 


By A. T. BoLTon? 


Abstract 


Gnomonia fructicola (Arnaud) Fall was isolated from strawberries growing in 
various localities in Ontario and Quebec. This fungus was found to be capable of 
causing serious damage to strawberries under certain environmental conditions. 
The disease occurs on fruits, peduncles, and leaf petioles and blades. On the 
leaves, the first symptoms are numerous pin-point lesions which enlarge and 
coalesce, and finally cover large areas of the blades or entirely girdle the petioles. 
The fungus was found to enter the stomata of artificially inoculated leaf blades. 
In the host, the fungus tends to follow the vascular elements along which the 
pycnidia and perithecia are usually formed. Pathogenicity of G. fructicola was 
compared with that of leaf blight, leaf scorch, and leaf spot of the strawberry. It 
was demonstrated that, under the conditions described, it was capable of causing 
as much damage as any of the three diseases. The results obtained from nutri- 
tional experiments indicate that high concentrations of dextrose suppress, 
whereas those of starch, cellulose, and pectin favor the growth and reproduction 
of G. fructicola. 


Introduction 


Gnomonia fragariae Klebahn, the fungus causing leaf blotch of straw- 
berries in England, was first reported in Canada in 1949 by Fall (3). Ina 
later paper, Fall (4) gave a full account of the history of the organism up to 
that time. Her fungus differs in several respects from the one described by 
Klebahn, but appears identical with that reported by Arnaud and Arnaud (2) 
as Gnomonia fragariae Klebahn, form fructicola Arnaud. Fall, therefore, des- 
cribed her fungus as a new species and named it Gnomonia fructicola (Arnaud) 
Fall. In 1952, Alexopoulos and Cation (1) reported a fungus on strawberries 
in Michigan, and referred to it as Gnomonia fragariae, indicating that it was 
identical with the fungus originally described by Klebahn. The investigations 
reported in this paper were performed primarily to determine whether 
Gnomonia fructicola was pathogenic on strawberries. A description of the 
symptomatology of the disease caused by this fungus and an account of its 
life history are included, as well as a report of some preliminary work on the 
effect of certain carbohydrates on its growth and reproduction. 


Materials and Methods 


Most of the information on the life history and pathogenicity of the fungus, 
and on the symptoms of the disease, was obtained from experiments carried 
out under artificial conditions, but observations were also made on some 
phases of these under natural conditions in the field. 


1 Manuscript received September 14, 1953. 

Joint contribution from the Botany and Plant Pathology Division, Science Service, 
Department of Agriculture, Ottawa, Canada—Contribution No. 1312—and the Department of 
Botany, University of Western Ontario, London, Ont. 

2 Assistant Plant Pathologist, Botany and Plant Pathology Division, Science Service, 
‘Carling Avenue, Ottawa, Canada. 
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Isolations of Gnomonia fructicola were made from lesions on the blades and 
petioles of leaves, and from infected fruits of strawberry plants. These 
isolates were grown on a potato dextrose agar medium where they produced 
both ascospores and conidia. Monoascospore and monoconidium cultures 
were obtained from these and multiplied in order to obtain a large number of 


pure cultures producing spores with which to carry out inoculation experiments. 


Strawberry plants to be used in the experiments were brought in from 
isolated propagation plots several months prior to inoculation. These plants 
were grown in insect-free greenhouse compartments, and were kept under 
close observation during this time in order to make certain, as far as possible, 
that no disease was present on them. All plants used were grown under the 
same conditions and were kept in a healthy and vigorous state. 


Lantern chimneys were placed over five plants of each of the varieties 
Premier, Valentine, Louise, Senator Dunlap, British Sovereign, Temple, 
Sparkle, Maytime, and also of the East Malling strain of Fragaria vesca. 
Petri dishes were inverted over the tops of the chimneys to form a chamber 
in which the relative humidity was maintained at very nearly 100% by 
thorough watering of the plants every 24 hr. Twenty-four hours later the 
plants were inoculated. The temperature of the greenhouse compartment 
was kept at 70-75° F. A spore suspension of Gnomonza fructicola was prepared 
by pouring 5 ml. of sterile distilled water into each of several tubes containing 
young cultures of the fungus and rubbing the surface of the culture with an 
inoculating needle. The concentration of conidia in the suspension was 
regulated, by adding water, to approximately 100,000 to 200,000 per ml. 

The suspension was then sprayed with an atomizer on the peduncles, 
fruits, petioles, and upper and lower surfaces of the leaf blades of the plants 
in the moist chambers. As checks, two plants of each variety were sprayed 
with sterile distilled water and maintained under the same conditions as those 
which were inoculated. The plants were kept in the moist chambers for a 
period of six days. At the end of this time, the chimneys were removed, and 
observations made daily for eight weeks. . 


Symptoms 


In the field, the disease can be most readily detected by the discoloration and 
necrosis of the older leaves of the plants. These usually bear lesions on the 
petioles, either at the base or at the lamina end. At fruiting time, infections 
may occur on the peduncles and calyxes near the bases of the fruits, and on the 
fruits themselves. Only a limited number of lesions have been observed on 
leaf blades in the field. 


In the greenhouse, symptoms began to appear after six days on the petioles 
and on the lower surface of the laminae of the inoculated plants. There was 
no symptom of the disease on the upper surface of the leaves during the early 
stages of infection. The early symptoms consisted of small dark spots along 
the main veins of the leaf blades which gradually extended to the smaller 
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veins, and of small brown lesions on the petioles which quickly enlarged and 
coalesced to girdle these structures (Figs. 2 and 3). The girdling usually 
occurred at the lamina end of the petiole, but frequently also near the crown. 
When girdling became complete, the infected area spread rapidly over the 
remaining portion of the petiole, until, at about two to three weeks after the 
first symptoms began to show, the entire structure was dark in color and quite 
soft in texture. Following the girdling of the petioles, the leaf blades turned red 
or yellow, and finally became completely necrotic. 

Simultaneously with the development of the disease on the petioles, the 
lesions on the blades became more numerous and coalesced until the veins 
were almost entirely covered (Fig. 4). The invasion of the smaller veins by 
the fungus completely cut off the food supply to areas of the laminae which 
then became necrotic, causing a blotching of the upper surface (Fig. 1). The 
spread of the fungus in the blades of the leaves proceeded more slowly than 
in the petioles. When the latter were infected, symptoms on the blades, as 
described above, seldom had time to appear before necrosis of the petioles 
caused the death of the blades. Thus, only about 15% of diseased leaves ever 
showed blotching as described by Wormald (6). 

Symptoms on fruits and peduncles began to appear about nine days after 
inoculation. Small brown lesions occurred on the sepals and along the 
entire length of the peduncles. The infected calyxes soon became entirely 
brown in color, and this discoloration spread down the peduncle for about 
one inch. When small green fruits became infected, irregular brown areas 
appeared on their surface. Such fruits dried and failed to develop further. 
If the fruits were large and green, they began to ripen prematurely, became 
pale red and brownish, and were soon contaminated by Botrytis cinerea which 
caused them to become soft and rotten. Infected ripe fruits developed a 
slimy appearance on their surface, and also soon became overrun by B. cinerea 
and other secondary organisms which caused them to rot. In no case did 
check plants show any Botrytis infection. 


Life History and Morphology 


Strawberry plants were inoculated with a conidial suspension of Gnomonia 
fructicola in the manner described previously. At 24-hour intervals, part of 
a leaf was removed from each plant, treated with acetic acid and alcohol, 
followed by lactophenol, and then stained with cotton blue. These were 
examined under the microscope. 


The conidia produced a few germ tubes in 72 hr. but most of those that 
germinated did so in about 96 hr. The germ tubes varied in length from 0.5 
mm. to 1.5 mm., depending largely upon the distance they were required to 
grow before encountering a stoma. These tubes grew down into stomata 
in all cases, except where injury had been suffered by the epidermis of the leaf. 
In such cases, they grew directly into the tissues. Only about 0.5% of the 
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PLATE I 


Fic. 1. An infected plant of the Sparkle variety showing blotching of the upper surface 


of the leaf blades and lesions on the petioles. Fic. 2. A leaf of the variety Premier 
on which single lesions appear on the large veins. The petiole is girdled, exhibiting a 
typical long black lesion. Fic. 3. A leaf of the Temple variety showing numerous 


lesions along the entire length of the petiole. 
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conidia observed produced germ tubes. However, when nongerminating 
conidia were removed from leaves after nine days, 17 out of 20 germinated on 
potato dextrose agar. 

The germ tubes, after entering the stomatal chambers, sent out numerous 
short intracellular branches which entered the surrounding parenchyma cells. 
These cells became discolored, and in a short time formed a necrotic area 
around each invaded stoma. These areas appeared, to the naked eye, as 
tiny pin-point lesions on the under-surface of the leaves. 

Serial sections were made of fungus-invaded tissues. These showed 
hyphae penetrating the parenchyma cells of the leaf blade until they reached 
the vascular bundles. Here they entered the vessels and proceeded along them. 
From there, the mycelium sent out branches into surrounding parenchyma 
cells, destroying them. A certain amount of dissolution of the walls of invaded 
cells was observed. As the mycelium became profuse in the vascular tissues, 
and most of the cells appeared to be destroyed, pycnidia began to form. 
These were produced in large numbers on the smaller veins of the leaves, and 
a few were produced between the veins (Fig. 8). At first, pycnidia were 
produced only on the lower leaf surface, but in later stages of infection, an 
equally large number were found on the upper surface. 

The pycnidia appeared as small, pale yellow, glistening, blisterlike structures 
which, in late stages, became more prominent owing to the production of 
droplets of liquid containing enormous quantities of conidia. When the 
pycnidia became dry, the droplets became detached and the pycnidia appeared 
like small craters under the hand lens (Fig. 6). 


In the petioles, considerable mycelium developed in the cortical tissues, and 
also in the vascular regions. Pycnidia formed in the tissues of the cortex 
about four weeks after inoculation, when the petioles had become soft in 
texture and dark in color. 


Pycnidia were observed to occur, in nature and under artificial conditions, 
on fruits, peduncles, and petioles and blades of leaves of strawberry plants. 
They were also produced in large quantities in culture on potato dextrose agar. 
They appeared as light brown slightly raised structures on the substrate. 
The cavity of the pycnidia was lined with a palisade layer of conidiophores 
(Fig. 11). These were unbranched when young, but slightly branched when 


Fic. 4. Underside of a leaf of the British Sovereign variety showing the result of the 
coalescence of numerous lesions along the veins and on the petiole. 

Fic. 5. Acameralucida drawing of a group of conidiophores and conidia of G. fructicola 
produced in nature. 

Fic. 6. Pycnidia of G. fructicola after the droplet containing conidia has become 
detached. 

Fic. 7. Pycnidia with exuding conidia, from a culture growing on potato dextrose agar. 

Fic. 8. Pycnidia, with attached droplets of conidia, on a strawberry leaf. 

Fic. 9. Perithecia in culture on potato dextrose agar showing the variation in the 
number of necks produced on a single base. 

Fic. 10. Perithecia of G. fructicola showing the base embedded in host tissue and a 
single neck protruding in each case. 

Fic. 11. Across section through a pycnidium on a strawberry leaf showing the position 
of the conidiophores and the ostiole (X75). 
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mature (Fig. 5). The conidia were borne on the ends of the conidiophores in 
enormous numbers, and all at about the same time, often filling the entire 
cavity of the pycnidia. They were discharged through an ostiole as a light 
colored slimy mass which covered most of the surface of the culture medium. 
(Fig. 7). The ostioles were raised somewhat above the surface of the sub- 
strate, and were more irregular in shape in culture than on the host, probably 
owing to the softer texture of the pycnidial walls when the pycnidia were 
growing in culture media. The centers of the pycnidia became sunken after 
the discharge of the conidia. 


Fall (4) described pycnidia and conidia as she observed them in culture. 


Some differences exist between the size in culture and in nature, and are given 
in Table I. 


TABLE I° 


A COMPARISON OF THE SIZE OF PYCNIDIAL STRUCTURES IN CULTURE AND IN NATURE 


Diameter Depth 
(or thickness) in microns (or length) in microns 
In nature In culture In nature In culture 
Pycnidia 250-350 310-540 110-180 115-160 
Conidiophores 1.2-2.2 1.5-3.0 10.0-24.0 9.5-20.8 
Conidia 1.2-2.0 1.8-2.4 4.5-6.0 4.8-7.2 


When leaves bearing pycnidia were placed in a moist chamber, perithecia 
were produced in four to six days. They matured in 10 to 12 days, and the 
ascospores were capable of bringing about infection. In nature, perithecia 
were found on overwintered leaves in the early spring. Since no pycnidia 
were observed at the time, it is believed that ascospores from the perithecia 
caused the infections on the new leaves. Pycnidia occurred on the new leaves 
during the spring while the soil remained moist, but soon disappeared when 
the environment became less humid. No perithecia were found on newly- 
formed leaves. Under artificial conditions, many cycles of pycnidia were 
produced, but no perithecia were produced unless leaves were detached and 
placed in a moist chamber. 

Perithecia were produced almost entirely along the veins of the leaf blades 
(Fig. 10), but also on the peduncles and petioles. The bases were embedded 
in the host tissue, and a long neck protruded above the surface. On the straw- 
berry, the bases were spherical and each base produced a single neck. On 
potato dextrose agar, the bases were somewhat larger, and as many as four 
necks were observed on a single base (Fig. 9). Perithecia were dark brown 
to black in color, and quite hard in texture. Spores were discharged from 
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openings in the tips of the necks in drops of sticky liquid. These masses of 
ascospores remained attached for some time. Mature ascospores were two- 
celled, with a slight constriction at the septum. Measurements of perithecia, 
asci, and ascospores are given in Table II. 


TABLE II 


A COMPARISON OF THE SIZE OF PERITHECIAL STRUCTURES IN CULTURE AND IN NATURE 


Diameter Length in microns 
(or thickness) in microns 
In nature In culture In nature In culture 
Base 165-325 235-400 
Neck 40-65 45-65 200-285 570-1250 
Asci 7.3-12.4 8.2-13.4 | 22.6-36.5 | 28.2-38.5 
Ascospores 1.6-2.5 2.0-3.5 8.1-12.5 | 10.4-14.9 


Pathogenicity and Varietal Susceptibility 


In order to compare the pathogenicity of Gnomonia fructicola with that of 
Dendrophoma obscurans, Diplocarpon earliana, and Mycosphaerella fragariae, 
the causal organisms of leaf blight, leaf scorch, and leaf spot respectively, six 
plants of each of several strawberry varieties were inoculated with spore 
suspensions of these fungi. 

All plants were grown under the same conditions, and inoculated with the 
various organisms in the manner described previously. Equal spore concen- 
trations and equal amounts of the spore suspension were used with each 
fungus. The plants were examined at two-week intervals for a period of 
10 weeks. 

The following varieties and one species of strawberry were inoculated with 
Gnomonia fructicola: British Sovereign, Premier, Louise, Sparkle, Temple, 
Valentine, and F. vesca. No resistance was exhibited by any of the inoculated 
plants. Premier, the variety resistant to leaf spot and leaf scorch, was quite 
susceptible to G. fructicola. Louise was the most susceptible of the inoculated 
varieties. Two of the six plants of this variety, and an average of 68% of 
the leaves, were dead at the end of 10 weeks. An average of 47% of the 
leaves of all varieties were dead after 10 weeks. 

Four varieties inoculated with Dendrophoma obscurans averaged 48% of the 
leaves dead after 10 weeks. No plant showed resistance to this disease. 
The Louise and Premier varieties were very susceptible, while Valentine and 
Sparkle were less severely affected. 

Five varieties inoculated with the leaf scorch fungus had only 7% of their 
leaves dead at the end of the 10-week period. 
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Five varieties were inoculated with the leaf spot organism. Premier, as 
mentioned above, was resistant. Excluding Premier, approximately 30% of 
the leaves were dead at the end of 10 weeks. 

The actual percentages of the leaves inoculated with the different fungi and 
showing various degrees of infection at the end of 10 weeks were as follows: 
leaf blotch, 67%; leaf blight, 56%; leaf scorch, 42%; and leaf spot, 48%. 
Check plants, inoculated with distilled water, showed 1.7% dead leaves in the 
same period. 


Nutrition 


Fall (4) states that abundant perithecia were produced on sugary media, 
and that starchy media favored the production of pycnidia. Arnaud and 
Arnaud (2) also found this to be the case with the Gnomonia fructicola that 
they isolated in France. Klebahn (5), however, grew his G. fragariae on 
starchy media, and only observed perithecia. 

In order to determine the effect of starchy and sugary media on G. fructicola 
and also the ability of the fungus to utilize cellulose and pectin, a solid medium 
was prepared using Czapek’s synthetic formula, and replacing the sugar with 
varying concentrations of dextrose, pectin, cellulose (ash-free filter paper), 
and potato starch. The concentrations of these substances in the media 
varied from 0.001% to 50%. 

Ten Petri dishes of each concentration of each carbohydrate were prepared. 
These plates were inoculated at their center with a drop of a spore suspension 
and incubated at 70-75° F. Observations were made daily, and records were 
kept of the growth of the fungus on the various media. Germination of the 
conidia occurred within 24 hr. in the higher concentrations of sugar and 
starch, within 40 hr. in high concentrations of pectin, and in between 48 and 
56 hr. in high concentrations of cellulose. 

Diameter of mycelial growth was measured at 24-hr. intervals for 16 days, 
at the end of which time maximum growth had been reached. The results of 
these measurements are given in graph form (Fig. 12). High concentrations of 
starch, pectin, and cellulose favored more abundant mycelial growth than did 
the same concentrations of dextrose. The greatest growth of the fungus on 
the sugar media was reached at a sugar concentration of 0.015%, and 
gradually decreased from this point as the concentration increased, until, at 
50%, no growth occurred after germination. Mycelial growth in starchy 
media was more sparse than in the other three. 

Pycnidia were counted 21 days after germination. High concentrations of 
pectin caused the production of abundant pycnidia (Fig. 13). A dextrose 


Fic. 12. Graph showing the growth of mycelium of G. fructicola on various concen- 
trations of four carbohydrates (plotted on logarithmic ratio paper). 

Fic. 13. Graph showing the number of pycnidia produced by G. fructicola on media 
a various concentrations of four carbohydrates (plotted on logarithmic ratio 
paper). 

Fic. 14. The formation of perithecia by G. fructicola on high and low concentrations 
of starch, dextrose, pectin, and cellulose (plotted on logarithmic ratio paper). 
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concentration of 0.05% favored pycnidia production much more than did 
higher concentrations. In cellulose and starch media, the number of pycnidia 
increased with higher concentrations. 

Perithecia began to form on the various media 18 to 25 days after spore 
germination. The final count of these was made on the 35th day. Many more 
perithecia were produced on the cellulose media than on any of the other three 
(Fig. 14). Comparatively few perithecia were produced by the fungus 
growing on the dextrose media, and those observed were in plates in which 
the dextrose concentration was very low. A considerable number were 
produced in the higher starch concentrations, and some were formed in the 
pectin media. 


Discussion 


A survey of about 800 acres of strawberry plantations in Ontario and 
Quebec indicated that the fungus caused some damage to strawberries in 
widely scattered areas. The fungus attacked mostly the petioles of the 
leaves, but, in some cases, also the peduncles and the fruit. Plant losses 
were found to be as high as 25%, but, for the most part, the plantations in 
which the fungus was found suffered less than 1% plants destroyed. It was 
difficult to determine losses caused by Gnomonia fructicola since it was usually 
found associated with Dendrophoma obscurans. However, the fact that it is 
capable of attacking peduncles and fruits leads one to believe that, under 
certain conditions, the fungus could cause considerable damage in straw- 
berry plantations unless control measures were adopted. 

Fall (4) states that the fungus “certainly does not appear to be highly 
parasitic on the leaves’. In the experiments carried out by the writer, the 
organism was found to be readily parasitic on blades and petioles of the 
leaves. The fact that G. fructicola, in pathogenicity experiments, killed as 
many leaves as the leaf blight organism and more than the leaf scorch and leaf 
spot fungi leads to the conclusion that under certain conditions it is 
highly parasitic on strawberry leaves. It also seems logical to believe that this 
fungus is potentially a dangerous pathogen. From these experiments and 
from field observations made by Arnaud and Arnaud (2), Wormald and 
Montgomery (7), and by the writer, it is evident that the fungus is definitely 
parasitic in the field. 

The description of the conidiophores given in this paper differs from that 
given by Fall (4). It is quite possible that those observed by the writer were 
more mature than were those illustrated by Fall. The conidiophores do not 
produce as large a number of branches as those of Dendrophoma obscurans, 
but as a means of differentiating between the two fungi, this character is of 
questionable value. 

Wormald and Montgomery have named the disease “‘leaf blotch of straw- 
berry” because of the blotchy appearance of the leaves. In Canada, however, 
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the fungus causes only slight blotching, and the predominating symptom is 
a necrosis of the base of the petioles. In this case, the disease might more 
accurately be called “petiole blight’. 
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CYTOTAXONOMY OF THREE SPECIES OF CENTAUREA 
ADVENTIVE IN CANADA! 


By R. J. Moore AND C. FRANKTON? 


Abstract 


The chromosome numbers of three introduced species of Centaurea are here 
reported: C. diffusa Lam., 2n=18; C. maculosa Lam., 2n=36; C. repens L., 
2n=26. Thechromosome counts of C. diffusa and of C. maculosa, which are here 
reported for the first time, help to clarify a taxonomic problem. <A pappus is 
usually lacking on the achenes of C. diffusa but is present on those of C. maculosa. 
As a result, plants of C. diffusa with a short pappus have been considered to be 
possible hybrids between these species. Three such plants here studied had the 
diploid chromosome number 18, rather than the triploid number to be expected 
in such a hybrid. Examination of pollen of suspected hybrid specimens shows 
that the percentage of normal pollen is high. This fact also supports the belief 
that plants of C. diffusa with a short pappus on the achene are not hybrids with 
C. maculosa. 


Introduction 


Several introduced species of Centaurea are now serious weeds in Canada and 
in the northern United States. Brief notes on the Canadian distribution of 
three species, C. diffusa Lam., C. maculosa Lam., and C. repens L., and their 
chromosome number are here presented. These cytological data afford aid 
in clarifying a taxonomic problem affecting the two former species. 


Distribution 


The diffuse knapweed, C. diffusa Lam., native to Eurasia, has a limited 
range in Canada, occurring only in British Columbia. Here it is a plant of 
the dry interior, occurring in the Fraser River Valley from Boston Bar to 
Cache Creek, east in the Kamloops Valley and south in the Okanagan to the 
United States border. From the Okanagan it extends eastward beyond Grand 
Forks to Cascade, a distance of about 12 miles. The species is particularly 
abundant near Grand Forks but no records are known from east of Cascade. 

The spotted knapweed, C. maculosa Lam., native to Europe, has a wide 
range in Canada, occurring in Nova Scotia, Quebec, Ontario, and British 
Columbia. It is perhaps most abundant in British Columbia where it is 
known from three distinct areas: Vancouver Island near Victoria; several 
sites north of a line from Dot on the Nicola River to Vernon and north to 
Clearwater; and from east of Cascade to Cranbrook. Spotted knapweed is 
particularly common in this more eastern area where the diffuse knapweed has 
not yet been collected. There is no evidence as yet that the two species occur 
together. 

Russian knapweed, C. repens L., native to Asia, is a serious perennial weed 
in the Prairie Provinces and in British Columbia. Some stands are known 
in western Ontario. The range in the United States is well described by 
Helgeson (5). 

1 Manuscript received July 22, 1953. 
Contribution No. 1297 from the Division of Botany and Plant Pathology, Science Service, 


Canada Department of Agriculture, Ottawa, Canada. 
2 Associate Botanist (Cytogenetics) and Botanist (Weed Investigations) respectively. 
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Materials and Methods 


Mature seed was removed from dried specimens on file in the Herbarium of 
the Division of Botany and Plant Pathology, Science Service, Department of 
Agriculture, Ottawa. The plants grown from this seed were raised in green- 
house and in field plots. Root tips were fixed for chromosome counts in 
Randolph’s Nawaschin solution, embedded and sectioned in the usual manner, 
and stained in crystal violet stain. The plants were grown to maturity and 
are preserved in the above herbarium. The chromosome counts are listed 
(Table I) under the collection data of the herbarium specimen from which the 
seed was taken. Pollen was examined in a solution of cotton blue stain in 
lactophenol. The darkly stained grains were counted as viable, unstained 
empty grains were considered to be nonviable. 


TABLE I 


CHROMOSOME NUMBERS OF Centaurea SPECIES 


Species | Collected Collector 2n 
C. diffusa Lam. | Boston Bar; B.C. H. A. Senn and C. Frankton 5837 Sept. 12/51 18 
* | Grand Forks, B.C. C. Frankton 1389 Sept. 5/51 18 
° | Grand Forks, B.C. C. Frankton 1390 Sept. 5/51 18 
* | Grand Forks, B.C. C. Frankton 1391 Sept. 5/51 18 
C. maculosa Lam. Balfour, B.C. H. A. Senn and C. Frankton 5851 Sept. 16/51 36 


a } 3 miles FE. of Deer Park, H. A. Senn and C. Frankton 5758 Sept. 4/51 36 
| Spokane Co., Washing- | 7 
| ton, U.S.A. | 
| 


’, repens L. Summerland, B.C. | McGibbon 28 June 24/51 26 


Chromosome Counts 


The chromosome number of one seedling of each collection is listed in 
Table I. The chromosome numbers of C. diffusa, 2n=18 (Fig. 1) and of 
C. maculosa, 2n = 36 (Fig. 2) have not previously been reported. The number 
2n=26 has been reported for C. repens (as C. picris Pall.) by Heiser and 
Whitaker (4). . 


Somatic chromosome complements of: 
Fic. 1. Centaurea diffusa Lam. 2n=18. 2100. 
Fic. 2. Centaurea maculosa Lam. 2n=36. 2100. 


: 
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The genus Centaurea is a large one and is divided into 41 sections by Hoffman 
(Engler and Prantl (2) ).. By some authors these sections have been regarded 
as genera. It is therefore not surprising that such a diversified group should 
include a variety of chromosome numbers. The basic haploid numbers 
7, 8, 9, 10, and 11 are known (see Darlington and Janaki Ammal (1) ). The 
number m= 13 has thus far been found in the single species C. repens. 


Centaurea repens 


Russian knapweed has distinctive characters which separate it easily from 
other species. All flowers are bisexual and similar; the pappus is 9 mm. long, 
caducous; the hyaline-margined tegules are entire, the achenes are smooth, 
slenderly obovoid, and the scar is basal, not oblique. The species is placed 
in the section Acroptilon Cass. of the genus Centaurea. This section like 
the others has been considered by some authors to be a distinct genus. This 
opinion is still held in the U.S.S.R. (6). This species has a basic chromosome 
number not as yet found in the other sections. These facts appear to support 
the erection of the genus Acroptilon Cass. On the other hand, the diversity of 
basic chromosome numbers already found in the few species investigated of 
this genus may minimize the importance of the cytological difference. 


Taxonomy of C. diffusa and C. maculosa 


Both C. diffusa and C. maculosa are wiry-stemmed, freely-branching plants 
of similar habit. Separation of the species is made most readily by examina- 
tion of the tegules. The tegules of C. diffusa bear a rigid terminal spine that 
is longer than the other cilia: the tegules of C. maculosa have a blackish 
terminal fringe and no conspicuous terminal spine. Many of the terminal 
spines of the tegules of C. diffusa are divergent, making the head spiny to the 
touch whereas the bracts of C. maculosa are completely appressed. The 
flowering heads of C. diffusa are generally smaller and narrower than those of 
C. maculosa and are usually white, sometimes pink to purple: the heads of 
C. maculosa are ‘purplish, rarely white. A substantial pappus of white setae, 
one-quarter to one-half the length of the achene, is present in C. maculosa but in 
C. diffusa the pappus is lacking or consists of a mere fringe about one-sixth the 
length of the achene. 

It has been suspected that hybrids between these species occur in nature. 
Hegi (3) lists such a hybrid but does not describe it. Judging by annotations 
on specimens in the Herbarium of the Division of Botany and Plant Pathology, 
Ottawa, some taxonomists consider that a short pappus on the achenes of 
plants which otherwise are typical C. diffusa is an indication of the hybridiza- 
tion of this species with C. maculosa. 

Specimens of C. diffusa from British Columbia in our herbarium vary in 
this character. Some lack a pappus: others have a very short pappus, 
about 0.5 mm. in length. The latter plants do not differ otherwise from 
the typical C. diffusa. Variation in the pappus character is seen in the four 
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specimens listed in Table I. The achenes of the first three plants bear a 
short pappus, those of the fourth have none. The original collections and the 
plants raised from seed of these specimens were alike in this character. By 
some taxonomists the first three collections would probably be considered to 
be interspecific hybrids; the fourth collection would be classed as typical. 
Some variation in flower color also occurred.in these plants. Flowers of the 
second plant (Frankton 1389) were white, those of the third (Frankton 1390) 
were lilac, and those of the fourth (Frankton 1391), purple. 

The chromosome number of the four collections of C. diffusa was the same, 
2n=18 (Table I). Since the species C. maculosa is a tetraploid, 2n=36, a 
first generation hybrid between these species would be expected to have the 
triploid chromosome number 2n=27. The fact that no plants with the tri- 
ploid number were found indicates that the plants of C. diffusa with pappus 
on the achenes are not hybrid. 

Pollen of herbarium specimens of C. diffusa was examined to learn whether 
the pollen condition of suspected hybrids would clarify the question of their 
origin. 

The specimens examined included the sheets from which seed had been 
grown for this study and other collections, some of which had been classed as 
typical C. diffusa and others which had been considered, on the basis of the 
presence of the pappus, to be possible interspecific hybrids. 

In the case of the original British Columbia specimens from which seed had 
been taken for chromosome counts (Table I), pollen could be obtained from 
only two of the sheets—Frankton 1391 (80% viable) and Senn and Frankton 
5837 (81%). The percentage of good pollen borne by the seedlings raised 
from the seed of the collections of C. diffusa listed in Table I was: Frankton 
1389 (84%); Frankton 1391 (99%). 

The amount of good pollen found on five specimens classed by several 
taxonomists as possible hybrids, on the basis of the pappus character was 
78%, 81%, 95%, 98%, and 98%. Specimens identified as typical C. diffusa 
bore pollen which was 82%, 82%, 95%, 98%, 98%, and 98% normal. The 
pollen of one typical specimen was only 48% normal, that of another varied 
from 0-17% in different heads. The low amount of viable pollen in these 
specimens is unexplained. There was no morphological indication that 
these plants were other than typical C. diffusa. It may be that some environ- 
mental factor caused the pollen abnormality or that a gene for pollen abortion 
was present. Such a gene would explain the condition of the plant with the 
48% normal pollen. Segregation of a gene lethal to pollen development would 
produce such a 1: 1 ratio in the haploid generation. The nonviable grains in 
this plant were completely empty and distinctly smaller than the normal 
grains. 

The above cytological results support the belief that the plants of C. diffusa 
listed in Table I are not hybrid in origin. The percentage of normal pollen 
produced by these plants was 80% or higher—a range similar to that found in 
collections of typical C. diffusa. Moreover, pollen counts of herbarium 
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specimens with morphological characters that have been used as criteria of 
hybridity indicate that these plants also are not hybrid. Both these results 
demonstrate that the British Columbia populations of C. diffusa of — we 
have collections do not contain plants of hybrid origin. 
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THE CLASSIFICATION OF RECENTLY DISCOVERED CRETACEOUS 
PLANT MICROFOSSILS OF POTENTIAL IMPORTANCE TO 
THE STRATIGRAPHY OF WESTERN CANADIAN COALS! 


By NorMAN W. RADFORTH? AND GLENN E. RovusE® 


Abstract 


Seven thin coal seams from the uppermost Cretaceous strata (Brazeau) of 
Western Alberta are investigated with the purpose of revealing the existence 
of classifiable fossil spores and pollens which may be significant as index units in 
stratigraphic differentiation. Thirty-four microfossils are classified, described, 
and illustrated. Relationships to previously known macrofossils or modern 
plants are suggested. One spore is bryophytic, nine are pteridophytic in 
affiliation, and one microfossil type possibly represents a fungal spore. Twelve 
pollens show gymnosperm relationship, and 11 fall within the Angiospermae. 
A distributional pattern indicates occurrences and associations of 14 microfossils 
occurring in frequencies of 5% or greater within the coals. Differences between 
the Brazeau macro- and microflora are evalutated in terms of applicability to 
stratigraphic definition. 


Introduction 


The widespread distribution of Mesozoic and Tertiary continental deposits 
throughout geological provinces of western North America has suggested a 
possible utilization of plant fossils in problems of stratigraphic relationships 
and age determinations. Palaeobotanical investigations of fossil floras within 
Cretaceous strata, particularly, have been relatively nonapplied, and critical 
examinations of many horizons remain potentially valuable to the extension 
of knowledge regarding relationships of fossil plants to stratigraphy. 

The existence of Cretaceous plant fossils within western Canadian mineral 
horizons has been indicated by pioneer investigations of Berry (2), on the 
Lower Cretaceous flora of the Blairmore region, and of Bell (1) on the upper- 
most Cretaceous flora of western Alberta. At best, identifiable macrofossils 
are limited in occurrence to shales in which conditions for initial incorporation 
and subsequent preservation were optimum. Massive accumulations of plant 
debris are constituted within both Upper and Lower Cretaceous coal deposits, 
but macroscopic components are not easily separable and recognizable by 
the application of established palaeobotanical techniques. 

Examination of Palaeozoic, Mesozoic, and Tertiary coals from other coun- 
tries have indicated that plant spores and pollens are substantial components 
of most coals, and are frequently valuable as index fossils or as basic units in 
coal seam correlations. Discovery and subsequent utilization of spores and 
pollens associated with Canadian Cretaceous coals could be no less significant. 
There is also a possibility that plant microfossils may enhance the value of 
plant macrofossils in problems of coal and oil geology, as well as in problems 
of fundamental palaeobotany and stratigraphy. When thus exploited, pollens 
and spores could be applied to statistical considerations, in addition to serving 
as morphological and taxonomic units in assisting the understanding of 

1 Manuscript received September 30, 1953. 
Contribution from the Department of Botany, McMaster University, Hamilton, Ontarto 


2 Professor of Botany, McMaster University, Hamilton, Ontario, Canada. 
3 Graduate Research Assistant. 
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biological and distributional relationships among associated macrofossils. An 
example of this is found in the association of spores in the genus Senftenbergia. 
In characterizing strata and diagnosing local geological problems on a macro- 
fossil basis, evidence may be lacking because of a lack in occurrence or number 
of Senftenbergia fronds. The genus may be accepted nevertheless as a local 
floral constituent if the spores, identified and named according to their natural 
affiliation (Radforth (13) ), occur in the absence of fronds. 


The present investigation, with these broad aspects as fundamental, incor- 
porates several delimited objectives. Primary is the possibility of applying 
palaeobotanical techniques to selected uppermost Cretaceous coals to deter- 
mine the existence of identifiable microfossils, an endeavor previously unat- 
tempted in Canadian micropalaeontology. Success in this attempt is some- 
what dependent upon the structure of the coals, the proportion of types 
originally derived from woody tissues and detrital remains, and the state of 
preservation of the components, but is largely subject to the presence of micro- 
*- ..uls within coal matrices which, by selected treatments, may yield unit 
components for examination. 

The second objective concerns the possibility of developing a classification 
system suitable for microfossil reference. The significance of such a develop- 
ment relates to the facilitating of correlation and separation of Brazeau coal 
seams. A systematic definition of probable ‘‘key’’ and index microfossils 
within the classification, which are potentially important to Cretaceous coal 
stratigraphy, is considered expedient. 

The possibility of utilizing the Brazeau coal microflora in problems of 
stratigraphic relationships, and in defining geologic age, deserves a qualifying 
evaluation. The coal deposits are associated with nonmarine mineral horizons 
which are difficult to delimit stratigraphically. As stated by Lang (8), ‘“‘The 
exact age and terminology of the Upper Cretaceous and early Tertiary non- 
marine strata and the precise delimitation of the Cretaceous—Tertiary boun- 
dary - - - - are still unsolved problems. They are made difficult by the great 
thickness of strata of fairly similar lithology, with few horizon markers and 
few fossils other than plant remains.” 

In view of these observations, it seems reasonable to suggest that a definition 
of the microflora within Brazeau thin seams would be potentially valuable, 
not only to delimitations of Brazeau nonmarine sediments, but to the correlation 
of the Brazeau formation over widespread areas of Alberta. The establish- 
ment of a basis for future examinations of this possibility is the third objective 
of the present investigation. 

Previous examinations of coal microflora have suggested that spores and 
pollens represent, to a degree, the composition of the original flora existing in 
pre-coal deposits. Relationships between spores and pollens and identifiable 
macrofossils, on which any assessment of pre-coal plant structure and habits 
employing microfossils is dependent, are presently little understood. As a 
final objective, an attempt is undertaken to indicate apparent and probable 
relationships of Brazeau microfossils to macrofossils and modern plants. 
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Geographic and Geologic Considerations 


The coals investigated were collected from the Entrance map-area of western 
Alberta, which is situated between Edmonton and Jasper. Access to the area 
is afforded by the Canadian National Railways main line and Provincial high- 
way No. 16, both of which traverse the Athabaska River valley. 

The samples were obtained from thin seams within the Brazeau formation 
of Upper Cretaceous strata. The seven thin seams investigated vary from 6 
to 18 in. in thickness, and are typically associated with carbonaceous shales, 
silty shales, sandstones, and clay partings. All samples are from seam out- 
croppings. 

Preparation Procedures 


Separation of microfossils from the coals was effected by separately employ- 
ing two reagents: the well-known Schulz’s solution, and bromine. The 
former macerating reagent has been used repeatedly in coal macerations, 
whereas reference to the use of bromine is restricted to several sources. The 
bromine method, as outlined by Darrah (3), consists of the addition of several 
milliliters of liquid bromine to the coal for approximately six hours, followed by 
replacement with concentrated nitric acid for 12 hr. Treatment with alkali 
as a modified final step in each method, consisted of the application of 10% 
ammonium hydroxide followed by a 2% solution of potassium hydroxide. 

The effectiveness of maceration with each method was somewhat difficult 
to assess. Schulz’s solution was found to be satisfactory for the maceration of 
all coal types investigated, whereas bromine appeared slightly less effective in 
separating microfossils from vitrain segments of higher rank samples (bitu- 
minous). For durain portions of all samples, both methods were found to be 
completely satisfactory. 

Microscopic mounts were prepared using corn sirup (d-glucose) as a mount- 
ing medium. This method was successfully applied by Radforth (13) in the 
examination of Carboniferous fern spores. The use of corn sirup has several 
advantages over methods utilizing media such as glycerine jelly, diaphane or 
Canada balsam. Diluted corn sirup can be prepared easily and rapidly, and 
is suited to residues within a water medium or which have been stained with 
aqueous dyes. This eliminates the necessity of intermediate changes of alco- 
hol and xylol. In addition, corn sirup dries quickly, facilitating handing and 
storage. Reorientation of microfossils or the removal of obscuring debris may 
be accomplished by the addition of a droplet of water, or by breathing heavily 
upon the surface of the sirup medium. 


Results 
Coal Structure 
The samples range in rank from subbituminous to bituminous, The former, 
as observed in polished surfaces, are comparatively unconsolidated, swell and 
crack on immersion in water, and are easily broken. Bituminous samples 
display compactness, are resistant to the effects of water, and are less friable 
than their subbituminous counterparts. 
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Superficial examinations of the samples indicated that three of the four 
recognizable coal types are present in various structural associations. Vitrain 
and durain types are plentiful, whereas fusain forms a minor structural com- 
ponent. The clarain coal type is not identifiable in the samples, which 
distinctly contrasts the Brazeau samples to previously described Pennsylvanian 
coals, in which clarain forms a major constituent. 


Description and Classification of Microfosstls 

The classification of Brazeau spores and pollens has been fashioned similarily 
to that developed by Raistrick and Simpson (17) in correlations of Northum- 
berland coal seams. The method consists essentially of assigning alphabetic 
letters to groups of microfossils possessing morphological similarities. Micro- 
fossil types within each group are separated and identified by subnumbers. 
To prevent conflict with the classification of Raistrick and Simpson, letters 
L to W have been employed as group designates in this investigation. 

A total of 92 distinctly different kinds of microfossils were recognized, and 
of this number, 34 have been chosen for representation. The limitation in 
choice has been based primarily on the importance attached to those micro- 
fossils which, by their presence, absence, or abundance, appear to distinguish 
the assemblages of spores and pollens within each horizon. The selected ones 
have been recorded, described, and figured. 

Various systems of nomenclature and classification have been devised for 
microfossil reference. Among the more prominent include those of R. Potonié 
(9) and associates in Germany; Wodehouse (25), Schopf, Wilson, and Bental 
(19) in the United States; and G. Erdtman (5) and associates in Swedenl. 
Each of these systems has been based on a method of assigning binomial 
designations to microfossils. 

An attempt to name the previously unidentified spores and pollens from 
the Brazeau coals has been deliberately avoided. The authors suggest that 
the application of binomial designates to recognized microfossil types is neither 
appropriate nor expedient until ranges of types, morphological characteristics, 
and associations have been established within microfossil assemblages from 
representative horizons in Canadian Cretaceous strata. 

In several instances, Brazeau microfossils were recognized as identical to 
previously reported forms from deposits in other countries. Where this has 
occurred, names and references have been applied. Comparisons among 
Brazeau and previously described microfossils have been indicated by the 
expression cf. If the microfossil under consideration is not referable, as far 

_ as is known, to previous records, the phrase ‘“‘Not previously described”’ has 
been applied. 


Bryophyta 
Sphagnum antiquasporites Wilson and Webster, 1946. —S,- (Fig. 1) 
Granulose; trilete, with the triradiate grooves somewhat elevated, and 
extending approximately half the distance toward the periphery; symmetry 
radial. Average groove length 8u. Diameter 25u. Range of diameter 23—26y. 
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Fic. 1. Sphagnum antiquasporites —Sc. 
Fic. 2. 72 cf. Punctati-sporites sp. 65 X 


Fic. 3. Sy Undescribed. 110 & 84u. 

Fic. 4. cf. Mohria-type. 61p. 

Fic. 5. Sw of. Senftenbergia plumosa, cf. 
Ratstrickia sp. 33 X 

Fic. 6. Vs ef. Polypodium-sporites 
alienus. 47 

Fic. 7. cf. Lycopodium sp. 

Fic. 8. Laevigato-sporites sp. 46 X 


Fic. 9. Laevigato-sporites sp. —Oy. 56X 


Fic. 10. Rs Undescribed. 68 
Fic. 11. Undescribed. 70 35m. 
Fic. 12. Ns cf. Podocarpus sp. length 


Fic. 13. N; Undescribed. 52 & 32u. 
Fic. 14. Undescribed. 58 & 42u. 
Fic. 15. Ny cf. Pinus sp. 61 X 
Fic. 16. Ns Undescribed. 70 & Sip. 
Fic. 17. Le cf. Cycadopites sp. 25 XK 18m. 
Fic. 18. ZL, Undescribed. 23 & 15p. 


. M, cf. Pollenites problematicus. 
Mz, cf. Pollenites megagertrudae. 
M, cf Pollenites magnus dubius. 
2. Ps cf. Pollenites polyformosus. 


Py Undescribed. 32 X 
24. Betula claripites. —Q, 35 


25. Q», Betula sp. Undescribed. 44 X 
. Carya viridi-fluminipiles. 


. Qs Undeseribed. 35y. 
. Momipites coryloides 26p. 


29. U; Undescribed. 44  27p. 


. Us cf. Pollenites laesus. 28. 
. QO; Undescribed. 

. U, Undescribed.  14y. 

. Undescribed.  14y. 

. W. Undescribed. 

. Ws Undescribed. 
. W, Undescribed. 39p. 
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Type Ss is moderately abundant in two samples from different seams, and 
occurs infrequently in two others. 

Similar spores have been recorded as Sphagnum sp. by Kirchheimer (6) and 
Thiergart (22, 23), and as Sphagnum antiquasporites by Wilson and Webster 
(24). The size range (23-26u) and other morphological characters of type Ss 
suggests a close relationship to S. antiquasporites. 


Pteridophtya 

Laevigato-sporites sp. (Ibrahim) emend. Schopf, Wilson, and Bentall 1944 
—O.- (Fig. 8) 

Oval to elliptical; levigate; monolete, the single suture ridged and gaping; 
suture length 264. Dimensions 46 X 32u. Range of length 44-50y. 

Type Oz spores occur abundantly in samples from five of the seven seams 
investigated. 

O, closely resembles Laevigato-sporites ovalis Kosanke (7), although the 
latter type has a greater range of length. Similar spores have also been 
described as species of Laevigato-sporites by Wilson and Webster (24); the 
dimensions again varying from those of 02. As suggested by the latter authors, 
the evidence strongly indicates a relationship of Laevigato-sporites to spores 
of such fern genera as Aspidium, Asplenium, Athyrium, and Thelypteris. 

Group O types comprise the most frequently occurring microfossils in the 
Brazeau coals investigated. A similar predominance of Laevigato-sporites 
spores has also been recorded in a Tertiary (Fort Union) coal sample from 
Montana by Wilson and Webster (24), who have found, additionally, that fern 


spores are the most abundant fossils in every Mesozoic and Cenozoic coal thus 
far examined. 


Laevigato-sporites sp. —Os— (Fig. 9) 

Description essentially as that for type O02. Dimensions 56 X 334. Range 
of length 55-58u; of width 31-34y. 

Types O, , except for a consistently greater range in size, are identical to 
Oz types, and probably represent spores of closely related plants. Group O 
forms are structurally identical, and have been separated into nine type 
categories on a basis of varying size ranges. 


R;— Not previously described. (Figs. 10, 11) 

Large; regularly spherical, rectangular or irregular in outline; alete; levigate; 
transparent; asymmetrical. Folds and wrinkles present. Dimensions of Fig. 
10: 68 X 38 w; of Fig. 11: 61 XK 35y. 

Specimens of R; occur relatively infrequently in samples from three seams. 
They are regularly associated with high frequencies of types R; and R: (not 
represented), which are smaller in size, but otherwise morphologically identical 
to R; 

The probable affinity of R; is difficult to assess, and the problem is extendable 
to all types within group R when an attempt is undertaken to evaluate a 
microfossil—macrofossil relationship. Daugherty (4) described a spore as 
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Equisetosporites chinleana, which resembles R2 (size range 35-44) in size, 
ornamentation, and general structure. EE. chinleana bears elaters, however, 
which have not been detected in over one thousand R group specimens exam- 
ined. If the assumption that group R microfossils are related to Daugherty’s 
spore is tenable, they must necessarily represent transitional forms of equise- 
talean spores, as they differ morphologically from both fossil and modern forms. 


S:- cf. Mohria-type. Thiergart, 1949. (Fig. 4) 

Subtriangular; coarsely striate, with striations parallel and forming a charac- 
teristic pattern; trilete, the triradiate ridges extending to the periphery; folds 
sometimes present. Diameter 61 uw. Range of diameter 50—-64u. 

S, specimens occur infrequently in samples from two seams. 

The assignment of Mohria-type to similar microfossils by Thiergart indicates 
a relationship of S; to spores of the fern genus Mohria, referred to by Seward 
(20, p. 350) as occurring in Jurassic strata. Spores isolated from Cladophlebis 
(Klukia) dunkert (Radforth & Woods (14) ), are similarly ornamented, and 
appear related to S,. 


S:— cf. Lycopodium sp. Thiergart, 1949. (Fig. 7) 

Outline broadly subtriangular; reticulate, with reticulations extending 
slightly beyond the periphery; trilete, the triradiate ridges extending closely 
toward the periphery. Diameter 46 uw. Range of diameter 44-47. 

Specimens occur infrequently in samples from two seams. 

Type S2 appears closely related to Lycopodium sp. Thiergart (23) which 
measured 414. Numerous similar forms have been described from recent 
peat deposits in North America, which supports the contention of affinity 
between S: types and lycopod spores. 


S y- Not previously described. (Fig. 3) 

Very large; subtriangular in outline; levigate; trilete, with the triradiate 
germinal grooves extending approximately three-quarters the distance towards 
the periphery; average length of germinal grooves 474. Dimensions 110 X 
84u. 

Only one specimen of S, has been identified, although numerous ruptured 
and distorted spore coat fragments are present in one sample. Type Ss (not 
represented) is structurally similar to S, , but is decidedly smaller, and is not 
restricted to one seam. The affinity of Sy is entirely uncertain, although it 
probably represents a large fern microspore or small megaspore. 


Sio- cf. Senftenbergia plumosa (Artis) Radforth 1938—cf. Raistrickia sp. 
Schopf, Wilson, and Bentall, 1944. (Fig. 5) 

Oval; setaceous; germinal aperture trilete, but small and indistinct; radial 
symmetry. Dimensions 33 X 28u. Range of length 32—34u. 

Three specimens have been recorded from one seam. The figured spore has 
no distinguishable trilete aperture, but a definite triradiate configuration was 
recognized in another specimen. 
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Spores of similar morphology have been previously described and figured 
by Raistrick (15, 16), Radforth (13), Schopf, Wilson, and Bentall (19), and 
Kosanke (7). The characteristics of Si9 suggest a close relationship to both 
Senftenbergia plumosa and Raistrickia sp., the latter designation an artificial 
genus proposed to define Schizaeaceous fern spores. The recorded specimens 
are probably immature examples, as the diameter (33) is smaller than either 
of the previously established minimum diameters of 40u for Senftenbergia 
plumosa, and of 37u for Raistrickia pilosa (Kosanke (7)) and the setaceous 
projections are not terminally dissected. 


T.— cf. Punctati-sporites sp. (Ibrahim) emend. Schopf, Wilson, and Bentall, 
1944. (Fig. 2). 

Large; spherical to oval in outline; verrucose to setaceous; trilete, with 
grooves moderately open and ridged; symmetry radial; spore coat frequently 
folded or overlapped. Dimensions 65 X 53u. Range of diameter 60-67. 

Type 72 is moderately abundant in three samples from different seams, and 
is commonly associated with 7; , with which it is morphologically identical 
except for a larger size range. 

Spores possessing a form and structure essentially similar to 7, have been 
recorded as species of Punctati-sporites by Kosanke (7) from the Pennsylvanian 
of Illinois. As suggested by Schopf, Wilson, and Bentall (19), Punctati- 
sporites forms probably represent spores of both pteridosperms and ferns. In 
view of this, it is not unreasonable to suggest that T group spores originated 
in ferns bearing phylogenetic relationships to Pennsylvanian fern species. 


V;- cf. Polypodium-sporites alienus R. Potonié. (Thiergart (22) ) (Fig. 6) 

Oval or broadly ‘bean-shaped’; densely punctate-reticulate; monolete; the 
single suture centrally situated and extending approximately half the over-all 
length. Dimensions 47 X 30u. Range of length 47-55. 

In addition to Thiergart’s recorded form, a similar spore has been described 
recently by Ross (18) from the Upper Cretaceous of Sweden as Polypodiidites 
senonicus. As the generic designations suggest, type V3 is closely related to 
spores of the modern genus Polypodium. 


Gymnos permae 

L,— Not previously described. (Fig. 18) 

Elliptical; granular; monocolpate, with the furrow lips closely appressed 
throughout length. Dimensions 23 XK 15u. Range of length 22—24y. 

LI, specimens occur in varying frequencies in samples from four seams. 

The morphology of ZL; types suggests an affinity to genera within the Cyca- 
daceae. However, the lack of information regarding pollens of the Cycadales 
prohibits a closer appraisal of affiliation, and the phylogenetic link of LZ; is 
reserved until additional knowledge is forthcoming. 


L.— cf. Cycadopites sp. Wodehouse, 1933. (Fig. 17) 
Oval; levigate to slightly granular; monocolpate, the furrow flaring at the 
extremities. Dimensions 25 X 18u. Range of length 24-26y. 
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L, occurs moderately abundantly in samples from two separate seams, and 
infrequently in two other samples. 

The morphology of Ze microfossils is essentially that described by Wode- 
house for Cycadopites and similar to Dioonipites sp. Wodehouse (25). There 
seems little doubt that Zz represents a pollen of the Cycadaceae. 


M,- cf. Pollenites problematicus R. Potonié, 1931 (10). (Fig. 19) 

Small; oval; weakly punctate; suggestion of a linear furrow. Dimensions 
23 X 18u. Range of diameter 23-24y. 

Type M, is present in moderate frequencies in samples from five seams. 

In size and general appearance, 1, resembles Pollenites problematicus 
although Potonié’s specimen lacks a germinal furrow, which is faintly dis- 
cernible in 14,. The affinity of M4, microfossils is uncertain, although the 
general morphology suggests a relationship to pollens of either the Cycadales 
of Ginkgoales. 


M,- cf. Pollenites megagerirudae R. Potonié, 1931 (9) (Fig. 20) 

Small; broadly oval; granulose to punctate; germinal furrow distinct. 
Dimensions 21 X 18u. Range of diameter 20—22y. 

This form is abundant in two samples, and occurs moderately in four others 
from separate seams. , 

My, closely resembles Pollenites megagertrudae, which is 20u in diameter. 
The affinity of this microfossil, as in the case with ,, is difficult to assess, but 
a relationship to pollens of Ginkgoales genera seems probable. 


M.- cf. Pollenites magnus dubius R. Potonié and Venitz, 1934. (Fig. 21) 

Spherical to elliptical; weakly punctate; monocolpate; folds frequently 
present. Dimensions 31 X 26u. Range of diameter 28-34y. 

M, has a moderate frequency of occurrence in samples from three separate 
seams. 

Similar microfossils have been recorded from the Tertiary of Germany under 
the designation Pollenites magus dubius by R. Potonié and Venitz (12) and 
Thiergart (22). The probable affinity of M; is difficult to postulate, and will 
not be attempted until additional information is forthcoming. Nevertheless 
the interpretation of M,as representing a gymnosperm pollen appears relevant. 


N,- Not previously described. (Fig. 13) 

Subtriangular; two bladders projecting laterally and continuously with 
body; punctate—papillate; exine flap on body surrounding a linear furrow. 
Body length 324; width between bladder apices 524; bladder width 12y. 

Type M, occurs abundantly in one seam, and moderately frequently in 
another. 

The morphology of N; microfossils suggest an affinity to Pinus pollens, 
although the continuity of the budlike bladders with the pollen body is a feature 
contrasting N, types to both modern and fossil Pinus forms. Presently 
existing evidence, however, suggests a closer relationship of NM; to pollens of 
Pinus than to other Abietineae genera. 
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Microfossils similar to N; have not been previously recorded to the authors’ 
knowledge. Examinations of Palaeozoic, Jurassic, and Tertiary coals have 
failed to reveal similar forms, which suggests that plants bearing N, pollens 
were limited in occurrence to Canadian Cretaceous strata. 


N:- Not previously described. (Fig. 14) 

Two bladders attached laterally to body; subrectangular; punctate— 
papillate; exine ridged along body length. Body dimensions 42 X 18 yu; 
bladder 26 X 18 yw;width between bladder apices 58y. 

Type Ne occurs limitedly in samples from three seams. It is readily distin- 
guishable from J, by the bladder orientation. The affinity of N2,as with NV, , 
appears directed toward Pinus pollens. 


N;- Not previously described. (Fig. 16) 

Body elliptical with two bladders laterally attached; body coarsely granu- 
lose, bladders reticulate; single linear suture along anterior crown. Body 
dimensions 51 X 40y; bladders averaging 30 X 28y; over-all length 70u. 

N; types occur in only one seam in moderate frequency. Fossil conifer 
pollens similar to N; have not been recorded to the authors’ knowledge. The 
lateral attachment of the bladders in the longitudinal plane suggests a relation- 
ship of N; to modern Picea pollens. 


N-- cf. Pinus sp. Simpson, 1936. (Fig. 15) 

Body elliptically elongated; two bladders anteriorly and laterally attached; 
ornamentation reticulate. Body 47 X 28u; bladders 25 X 21; over-all 
length 61y. 

N, pollens are limited in occurrence to a sample from one seam. Similar 
pollens have been described as Pinus sp. by Simpson (21) from the Tertiary of 
Scotland, and by Ross (18) from the Upper Cretaceous of Sweden. The 
dimensions of N; specimens agree closely with those recorded by these investi- 
gators. 


N;- cf. Podocarpus sp. Simpson, 1936. (Fig. 12) 

Body oval, with median longitudinal groove prominent; lightly reticulate. 
Two bladders distinctly larger than body, seemingly attached medially along 
the groove; densely reticulate. Body 47 X 31; largest bladder 60 X 32u. 

Only one specimen was observed in a sample from one seam. 

Type N; appears to represent a pollen of Podocarpus. Both Simpson (21) 
and Thiergart (22) have illustrated similar pollens from European Tertiary 
coals. 


P.— Not previously described. (Fig. 23) 

Broadly oval to oblong; punctate; elongated median fold typically present. 
Dimensions 32 X 23u. Range of length 31—35y. 

Type P2 composes 4% of the microfossil content in one sample, and occurs 
infrequently in two others, all from separate seams. 
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The ornamentation and structure of P2 suggests a relationship to conifer 
pollens. If this be valid, the longitudinal fold or flap probably represents a 
latero-medially compressed bladder. There seems little doubt that P2 is a 
gymnosperm pollen, but the generic affiliation is problematical. 


P.- cf. Pollenites polyformosus Thiergart, 1937. (Fig. 22) 

Oval to oblong; finely granulose; two longitudinal parallel grooves on 
proximal surface; folds and creases frequently present. Dimensions 28 X 19u. 
Range of length 28-33. 

Type P, occurs relatively abundantly in samples from two seams. 

In addition to Thiergart’s similar microfossil, Erdtman (5) has described a 
pollen of Encephalartos which closely resembles type P;. The general affinity 
of P, is directed towards pollens of the Cycadaceae, but a closer appraisal of 
affiliation is presently impossible. 


Angiospermae 

Betulae claripites Wodehouse, 1933. -Q:- (Fig. 24) 

Broadly subtriangular; levigate to finely granulose; three-pored, with 
elevated ridges connecting pores; pores triangular, lips thickened and elevated; 
central concentric ring obvious. Dimensions 35 XK 26u. Range of diameter 
27-35. 

Four specimens occur in samples from two seams. Similar pollens have 
been recorded as Betula claripites by Wodehouse (25), Wilson and Webster 
(24), and as Pollenites bituitus R. Potonié (11), Thiergart (22). Type Qi 
resembles modern Betula pollens, except for the presence of the circular con- 
centric in the former. 


Q.— Betula sp.—Not previously described. (Fig. 25) 

Description essentially as that of Dimensions 44-35. 

Only one specimen was observed in all samples examined. 

Q2 has been differentiated from Q, on the basis of a greater size but the 
two types may represent the same pollen species. : 


Carya viridi-fluminipites (Wodehouse) Wilson and Webster, 1946. —Q;- 
(Fig. 26). 

Broadly subtriangular to oval; coarsely granulose; three-pored, the pores 
elliptical to circular, with lips thickened and ridged. Folds frequently present. 
Dimensions 35 XK 24u. Range of diameter 34-36. 

Type Qs occurs infrequently in a sample from one seam. 

Similar pollens have been recorded by Wodehouse (25), Wilson and Webster 
(24), and Thiergart (23) from Tertiary deposits. In each instance, identi- 
fication has been based on similarities between fossil specimens and modern 
Carya pollens. 


Q;- Not previously described. (Fig. 27) 

Broadley subtriangular; levigate; three-pored, the pores inconspicuous, 
with lips protruding slightly beyond the entire exine. Dimensions 35 X 30u. 
Range of diameter 33-38u. 
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Type Q; occurs abundantly in one sample, and infrequently in another, 
from separate seam. 

Q; resembles morphologically modern pollens of Carpinus and Corylus as 
described by Erdtman (5). To the authors’ knowledge, similar fossil forms 
have not been described. In general, Q; appears to bear relationships to 
modern pollens of the Betulaceae and Juglandaceae families. 


Momipites coryloides Wodehouse, 1933. -—Qs- (Fig. 28) 

Subtriangular; coarsely granulose; three-pored, the pores notchlike, borders 
not thickened. Diameter 264. Range of diameter 24-27. 

Several specimens occur in a sample from one seam. 

Similar pollens have been described from Tertiary deposits by Wodehouse 
(25) and Wilson and Webster (24) as Momipites coryloides; by Simpson (21) 
as Corylus? sp.; and by R. Potonié (9) as Pollenites pseudofagus. The usually 
high frequency of occurrence reported from Tertiary deposits is in direct 
contrast to the limited occurrence of Qs in the Brazeau coals. 


Q;- Not previously described. (Fig. 31) 

Subtriangular; strongly punctate to verrucose; three-pored, the pore lips 
thickened and outwardly extended. Dimensions 21 X 194. Range of 
diameter 20-22yu. 

Type Q; occurs in only one sample. 

The general form and structure of Q; suggest a relationship to modern pollens 
of the Betulaceae or Myricaceae. The verrucose ornamentation, however, is 
distinctly lacking in pollens of these families. 


U,- Not previously described. (Figs. 32, 33) 

Small; pitted or scrobiculate; tricolpate, the three colpae visible on proximal 
surface. Diameter 14u. Range of diameter 14-16y. 

Type U; occurs in a sample from one seam. 

Similar microfossils have not been previously reported. The morphology 
of U; indicates a relationship to modern pollens of the Ambrosieae or Astereae 
tribes of the Compositae (Wodehouse (26), Erdtman (5) ). 


U;- cf. Pollenites laesus R. Potonié, 1931. (Fig. 30) 

Subtriangular; reticulate; distinctly tricolporate, the three colpae distended. 
Diameter 28u. Range of diameter 27-38. 

U3 specimens occur frequently on one sample, and to a lesser extent in two 
others from separate seams. 

Similar microfossils have been recorded from the Tertiary of Germany by 
R. Potonié (9), and Thiergart (22) as Pollenites laesus (28.5-39u). The 
affinity of this pollen has not been established. 


U;- Not previously described. (Fig. 29) 
Broadly triangular; striate; tricolporate, with pore lips flared. Dimensions 
44 X 27u. Range of diameter 40—46y. 
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Type U; occurs infrequently in one seam, and a single specimen was encoun- 
tered in a sample from a separate seam. 

Fossil similar to U; have not been previously recorded, and the relationship 
of this form to modern pollens is indefinable. 


W,-— Not previously described. (Fig. 34) 

Spherical; spinose, the spines regularly spaced on the exine; tricolpate?— 
the colpae appearing to form concentric rings in the compressed condition. 
Diameter 264. Range of diameter 23-27. 

Numerous specimens of W2 were located in one seam. 

Fossil pollens similar to W2 have not been previously reported. Wodehouse 
(26) illustrated modern pollens of the Helianthieae tribe which resemble 
W, morphologically. Beyond this correlation, the affinity of W2 is entirely 
uncertain. 


W.- Not previously described. (Fig. 36) 

Spherical; levigate; transparent; single pore germinal aperture; bilaterally 
symmetrical. Diameter 

Only one specimen of W, has been identified. 

The single pore with a smooth, levigate, almost transparent body, is highly 
suggestive of the exine structure in many modern grass pollens. As stated by 
Wodehouse (26), the presence of a single germinal pore is indicative of mono- 
cotyledonous affinity. 


Incertae sedis 

W;- Not previously described. (Fig. 35) 

Oval; levigate; notchlike apertures frequently present in wall; assymme- 
trical; two, three, or four units commonly united. Range of diameter 13-17. 

W; microfossils occur frequently in one sample, and to a lesser extent in 
two others from separate seams. 

The small size, pattern of grouping, and notchlike apertures suggest a 
closer affinity of W; microfossils to fungal spores than to gametophytic units 
of vascular plants. If the unit orientation is structurally tetrad, a vascular 
plant alliance must exist. This organization has not been indicated, however, 
and the authors suggest that W; microfossils represent Upper Cretaceous 
fungal spores. 


Discussion 


The represented microfossils were found to be differentially distributed 
within seven separate seams investigated. Counts of 200 microfossils from 
sample preparations have established that 14 of the 34 types occur in frequen- 
cies greater than 5%. The distribution is shown in Table I; the bars indicating 
a type occurrence exceeding 5%. 

An analysis of Table I reveals that certain of the microfossil types, i.e. Le , 
M,, and O, , have a wide range of occurrence, whereas others—Q; , U; , and 
W;, are narrowly restricted to one seam in the series. The distribution of 
the remaining types is variable. Evidence of type dominance, on the basis 
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TABLE I 


DISTRIBUTIONAL PATTERN OF MICROFOSSILS OCCURRING IN FREQUENCIES OF 5% OR GREATER 
IN SEVEN BRAZEAU THIN SEAMS 


Seam designation 


1 2 3 4 5 6 7 


Microfossil 


° 

| 

| 

| 


> 
| 


= 
| 


of occurrence, is beyond the scope of this presentation, although histogram 
‘character’ analyses have shown that widely occurring types frequently 
predominate numerically over other microfossils in several seams. This is the 
case with types M2 and QO. 


The above evidence suggests that future attempts at correlating or separat- 
ing Brazeau thin seams may be measurably successful. If similar variations 
in occurrence and frequency are found to exist in microfossil assemblages from 
other Cretaceous coals, a stratigraphic definition of presently uncertain 
horizons appears attainable. 

An appraisal of the upper Brazeau flora by Bell (1) has indicated the exist- 
ence of identifiable macrofossil genera of Ginkgoites, Nilssonia, Sequoiites, 
Elatocladus, Dryophyllum, Platanus, Magnoliaephyllum, Jenkinsinella, Cela- 
strinites, Vitis, Viburnum, and Spirodela. As stated by Bell, the flora is small. 
The presence of microfossil types seemingly associated with undiscovered 
macrofossils indicates that the upper Brazeau flora is more varied than the 
macrofossil evidence reveals. With the possible exception of the first two 
genera mentioned, none of the macrofossils are directly correlative with micro- 
fossils from the Brazeau coals. This suggests that microfossil evaluations 
would find wider application in attempts at correlating and delimiting the 
Brazeau formation. 

The recognition of 13 previously unrecorded microfossils indicates the 
existence of spores and pollens which may be important to an appreciation of 
uppermost Cretaceous floral relationships. Types N; and N, are particularly 
significant, as they appear to bear relationships to both fossil and modern 
conifers, and yet are morphologically distinct from pollens of known coniferous 
affiliation. R; microfossils are apparently related to both fossil and modern 
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equisetalean spores, and their presence in uppermost Cretaceous coals suggests 
the possibility of revealing transitional developments in spores of equisetalean 
affinity. The discovery of previously unrecorded angiosperm pollens Q; , 
Q;, Ui, Us, Us, We, and W4, is considered significant to a recognition of 
angiosperm components which existed originally in uppermost Cretaceous pre- 


within the Angiospermae. 


Final comment relates to the designation of the spore type referred to as 
Sio (p. 192). The morphology of Sio indicates that it is unmistakably schi- 
zaeaceous, and suggests a close relationship to spores of the genus Senften- 
bergia (cf. Schopf, Wilson, and Bentall (19), Radforth (13) ). Several spore 
forms recognized as belonging to Senftenbergia have been embodied in the 
artificial genus Raistrickia (Schopf, Wilson, and Bentall (19) ), and So, in 
spite of small size, apparent immaturity, and younger geological association 
undoubtedly relates to the description of this genus. On the other hand, the 
fact that this spore form coincides with the unique morphological pattern of 
the spore of Senftenbergia plumosa, the authors wish to emphasize this natural 
relationship. 
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AEROBIOLOGICAL STUDIES OF FUNGI AND BACTERIA 
OVER THE ATLANTIC OCEAN! 


By S. M. Papy? anp C. D. KELLy? 


Abstract 


Two trips were made from Montreal, Que., to London, England, in June and 
August, 1951, and samples of bacteria ‘and fungi were obtained throughout the 
flight using quantitative and qualitative methods. Three sampling methods 
were used, employing the McGill G.E. and slit samplers and a filter. Plates 
were used, supplemented by silicone slides in the slit sampler. Bacteria varied 
from 0.0 to 0.05 per cu. ft. in polar air and 0.03-0.9 per cu. ft. for tropical air 
over the ocean in June. Fungi in polar air ranged from 0.1 to 0.9 per cu. ft. 
and from 0.2 to 9.0 per cu. ft. in tropical air in June. There was very little 
difference in the June and August flights as far as viable organisms were con- 
cerned. Fungus spores showed striking differences in air masses. Polar air 
over the ocean had a maximum of 3.9 per cu. ft. in August whereas tropical air 
had a maximum of 15.1 per cu. ft. in June. Over land in August a maximum 
of 361.4 fungus spores per cu. ft. was obtained in tropical air over eastern 
Canada. Cladosporium was the commonest fungus, with Alternaria, Pullularia, 
yeasts, Penicillium, Botrytis, and Stemphylium most numerous among 27 types. 
Of the 4991 colonies the above occurred as 82.3, 2.6, 2.3, 2.1, 1.6, 1.5, and 
1.1% of the total. Micrococci, Sarcina, Gram negative rods, Gram positive 
pleomorphic rods, and aerobic sporeformers occurred as 41.4, 4.3, 20.4, and 
33.2% in June and 13.2, 20.7, 37.0, and 29.0% of the total in August. 


Introduction 


Ever since Pasteur demonstrated in his classical experiments that there 
were germs carried on the dust particles of the air, there has been considerable 
interest in the organisms that are present in the atmosphere. Bacteria, fungi, 
pollen grains, moss spores, protozoa, insects, and other biota have been 
investigated and their presence in the air has been clearly established (3, 14). 
Considerable attention has been given to pathogens, especially cereal 
pathogens, and the relationship between the development and spread of plant 
diseases such as stem rust and aerobiology has been pointed out (21). About 
1930 Dr. Fred C. Meier became interested in the aerial dissemination of plant 
pathogens and began work with airplanes to determine the distribution of 
fungus spores in the upper air currents. Collecting flights were made in 
co-operation with air service units of the Army, Navy, Coast Guard, and 
commercial air lines. 

In 1933, Col. and Mrs. C. A. Lindbergh made collections for Meier during 

-their famous North Atlantic — Greenland flight, using the Lindbergh-— Meier 
“Sky Hook” (12). From the slides that were exposed it was established that 
organisms were present in the air over the ocean and that some of the fungus 
spores were those of pathogens (11). Meier in 1934 made collections over 
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University, Montreal, Canada, and was supported by a grant 175 from the Defence Research Board 
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the Caribbean Sea in aircraft of the Pan American Airways and cultures of 
living fungi were obtained as well as fungus spores (13). Meier was instru- 
mental in the organization of the Committee on Aerobiology (3). He 
believed that large bodies of water afforded the best opportunity to measure 
distances over which spores are carried, and was collecting data over the 
Pacific Ocean at the time of his death in 1938 (7). 

In 1942 the Am. Assoc. Advance. Sci. published the results of asymposium 
on aerobiology which summarized the field up to that time (14). Most of the 
data are based on qualitative methods and relatively little has been done 
using quantitative methods. Recently, however, there has been considerable 
interest in sampling the air for fungi and bacteria, using quantitative as well 
as qualitative methods. Some of these methods have been adapted for use 
in modern air craft. Kelly and Pady developed techniques of sampling the 
air from aircraft (10) and determined the numbers of fungi and bacteria in 
arctic air (18) and in air over Canada (9) on a cubic foot basis. Gregory (5) 
and Hirst (8) in England have used newly designed, efficient, quantitative 
equipment for sampling the fungus spores (spora) of the air at ground level. 
One of the newer instruments, designed by Hirst, permits continuous sampling 
of the air through 24 hr. This device is a type of slit sampler in which the 
adhesive coated slide moves slowly past the orifice (8). 

Studies of microorganisms in sea air from aircraft are few and many of the 
data are purely qualitative. Zobell (22) reviewed the literature of bacteria 
in marine air up to 1942; most of the work reported was carried out by 
sampling on ship board. The first studies were made by Certes (2) in 1884 
and Fischer (4) in 1886 and they reported that ocean air was practically 
sterile, the numbers being dependent on survival of land organisms. Zobell 
and Mathews (23) separated microorganisms of sea and land origin by cultur- 
ing in sea and fresh water media. From these and similar studies it has been 
concluded that while some bacteria are carried into the air from sea water 
by spray, very few if any fungi come from such a source. Newman in 1948 
(15) exposed slides coated with glycerine jelly or agar, from a flying boat over 
the Tasman Sea en route from New Zealand to the United Kingdom and 
obtained colonies and fungus spores. Pady and Kelly (18) using quantitative 
methods reported air over the Arctic Ocean in winter to be practically sterile 
and air in the summer to be highly variable; southerly winds had high numbers 
of bacteria and fungi, while northerly winds carried low numbers. 


It is desirable to know how far fungus spores and other biota may be carried, 
and if it is possible for them to travel from one continent to another in a viable 
condition. In an attempt to obtain some information on this problem, 
quantitative studies were made over the Atlantic Ocean in two transatlantic 
crossings in June and August 1951. So far as is known, no previous quantita- 
tive studies have been made at high altitudes over the Atlantic Ocean. A 
preliminary account of the numbers of fungi and bacteria obtained in these 
two flights has been published (19). Further information on these trips is 
presented in this paper. 
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Materials and Methods 


The two transatlantic flights were made with R.C.A.F. Squadron 426 from 
the Dorval Airport at Montreal, Que., Canada, to London, England, and 
return in a North Star (DC-6) heavy transport service aircraft. The first 
flight was made on June 25, 26, 1951, via Goose Bay, Labrador, at an altitude 
of 9000 ft. with a total flight time of 15 hr. and 30 min. The return flight was 
made on June 29, 30 at 8000 ft. altitude, via St. Eval, Cornwall; Keflavik, 
Iceland; and Greenwood, N.S.; with flight time of 16 hr. and 55 min. The 
second flight was on Aug. 22, 23, 1951, again by way of Goose Bay, Labrador, 
with flight time of 15 hr. and 14 min. The return flight was via Prestwick, 
Scotland; Keflavik, Iceland; and Goose Bay, Labrador; and the elapsed 
time in the air was 16 hr. and 20 min. 

Sampling consisted essentially of bringing the outside air into the aircraft 
where the samplers were located. By means of aluminum elbows, mounted 
in the window of the left forward escape hatch, air was led by rubber tubing 
to the samplers and returned to the exterior. The samplers used were the 
McGill G.E. Sampler, Bourdillon slit sampler, and a glass wool filter (1,10). 
The first named sampler utilized the well-known General Electric Electrostatic 
Bacterial Air Sampler mounted in large sampling chamber. There was 
sufficient air pressure during flight to provide adequate airflow to the samplers; 
in the McGill G.E. Sampler 5—6 cu. ft. per min. entered the sampling chamber, 
and 1 cu. ft. per min. passed into the actual sampler. The slit sampler 
received air directly and the flow was adjusted to 1 cu. ft. per min. The 
filter had a low and somewhat variable airflow, the accumulated volume being 
recorded by a flow meter. 

Agar plates containing modified Czapek’s agar (20) were exposed in the 
McGill G.E. and slit samplers. Plates were poured one week before use and 
allowed to stand in the laboratory before wrapping; all plates containing 
contaminants were discarded. Plates to be used were wrapped first in waxed 
paper and then in paper towelling and fastened with rubber bands. In 
addition to the plates, silicone treated slides were exposed in the slit sampler 
(17). The filters were wrapped in paper towelling and sterilized by means of 
dry heat. Exposure time was 3-4 hr. for the filters, 15 or 30 min. for the 
plates and slides over land and 30 or 60 min. over the ocean. In the McGill 
G.E. Sampler, 121 samples were taken; in the slit sampler, 98 plates and 
25 silicone slides were exposed. A total of 16 filters was used. 

The actual sampling procedure consisted of opening the air inlets after 
take-off and allowing an unrestricted air flow to scour out the inlets, rubber 
tubing, and sampling chamber. From this point on, the samplers were 
operated concurrently and sampling was continuous throughout the flight. 
Complete data were obtained for each sample from the navigator’s log and 
from the main meteorological office of the Department of Transport at the 
Dorval Airport, Montreal. Plates were incubated at 25° C. for five days and 
colonies were counted with the unaided eye; subcultures were made at the 
time of examination. The silicone slides were prepared for use by adding a 
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small drop of lactophenol and a cover glass and were examined under high 
power magnification. The filters were opened under sterile conditions, and 
the pads were placed in sterile water, and shaken for 20 min. Dilution plates 
were then made from this suspension. When counts were completed, calcula- 
tions were made of the numbers of bacteria and fungi per cu. ft. In addition 
to the controls on sterility of plates and filters, controls were made on the 
exposure technique by unwrapping places, shutting off the air flow, placing 
them in the samplers, closing the sampler, then immediately opening the 
sampler and removing the plates. 


Flights in June, 1951 


When counts were completed, it became apparent that great fluctuations 
in numbers characterized the samples taken during the flight. This variation 
was found in the samples taken over the ocean as well as over land. Since 
flights in the arctic and over Canada (18, 9) had indicated that the type of air 
mass sampled was significant, the data were organized on the basis of individual 
air masses throughout the flight. 

In Table I the air masses in the June flight have been grouped according to 
polar or tropical type and numbered consecutively in the order in which they 
were encountered. 

In the eastward flight between Montreal and Goose Bay on June 25, the 
first air mass No. 1 could not be determined with certainty but was considered 
to be continental polar. Technical difficulties prevented the use of plates in 


TABLE I 


BACTERIA AND FUNGI PER CU. FT. IN POLAR AND TROPICAL AIR MASSES, NUMBERED 
CONSECUTIVELY, BETWEEN MONTREAL AND LONDON: 1-5 EASTWARD FLIGHT, JUNE 
25, 26; 5-9 RETURN, JUNE 29, 30, 1951: 1, OVER QUEBEC, 6 OVER ENGLAND, 
ALL OTHERS OVER THE OCEAN. SEE TEXT FOR DETAILS 


Air mass | McGill G.E. Slit Filter 


— — — — | Fungus 
| Extent | spores 
No Type [| BP F B F B F (slit) 
| — | Hr. | Min 
1 cP? (?) Over Quebec 3 52 -- 0.02 | 0.14 6.75 
3 P Mid-ocean 5 10 0.0 0.1 0.05 | 0.9 0.0 0.01 1.0 
5 mP (?) FE. Atlantic 1 28 0.05 | 0.1 0.05 | 0.4 0.02 | 0.006; — 
9 P W. Atlantic 7 05 0.44 | 0.14 | 0.53 | 0.4 0.02 | 0.01 0.5 
| 
2 T W. Atlantic | 1 20 0.2 o 0.2 8.2 0.05 | 0.02 3.7 
4 mT Mid-ocean 3 04 0.07 | 0.2 0.03 | 1.1 0.16 | 0.004) 1.5 
6 r Over England 1 07 0.03 | 4.8 0.56 | 9.0 oo — _ 
7 E. Atlantic 5 43 | 0.26 1.3 |0.3 | 4.4 | 0.42]0.09| 3.0 
8 7 Mid-ocean 3 00 0.25 | 0.6 0.26 | 2.1 0.05 | 0.02 | 15.1 


1B = bacteria (colonies), F = fungi (colonies). 
2 Key to air masses: P = polar, mP = maritime polar, cP = continental polar, T = 
tropical, mT = tropical maritime. 
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the McGill G.E. and slit samplers but samples were taken with the filter and 
with silicone slides. From Goose Bay to London in a flight of 11 hr., four 
air masses were encountered: a small tropical air mass No. 2 of 250 miles; 
polar air mass No. 3 over 1000 miles in extent; maritime tropical air No. 4 
600 miles (approximately); and an air mass of doubtful origin, tentatively 
labeled maritime polar, which covered the eastern Atlantic and England. In 
the tropical air mass No. 2 numbers of bacteria were low in all samplers 
whereas the fungi had numbers up to 8.2 per cu. ft. except in the filter. The 
count of 3.7 fungus spores per cu. ft. on the silicone slides cannot be explained 
in view of the 8.2 per cu. ft. recorded for the plates. The next air mass No. 3, 
which was polar air, was remarkable in that no bacterial colonies were obtained 
in two of three samplers, so that the air was essentially sterile as far as bacteria 
were concerned. Fungi were present in all plates but numbers were less than 
1 per cu. ft., while fungus spores were 1 per cu. ft. 

The tropical air mass No. 4 which covered most of the mid-ocean had 
apparently originated near the equator and over the ocean, and had low 
numbers comparable with those of the previous polar air mass. The last air 
mass No. 5 to be sampled lay over the eastern Atlantic and also over England. 
It was expected that the samples taken over England and approaching London 
would be higher than over the ocean but such was not the case. The air mass 
could not be definitely determined but the tentative designation of maritime 
polar receives some support from the low numbers obtained. 

The westbound flight four days later was by way of St. Eval, Cornwall 
thence to Keflavik, Iceland, and to Greenwood, N.S. Tropical air No. 6 
covered England, and the numbers of fungi reached 9.0 per cu. ft., which was 
in striking contrast to the low numbers obtained over England four days 
earlier. Bacteria, although substantially higher, still did not reach one per 
cu. ft. The flight from St. Eval to Keflavik, Iceland, was also in tropical air 
No. 7, and numbers of fungi were high, up to 4.4 per cu. ft. There is some 
indication in this part of the flight of a gradual diminution in numbers, but 
exposures from Iceland westward in tropical air No. 8 had numbers of fungus 
spores five times higher than in the tropical air east of Iceland. Tropical air 
thus extended from England to about 600 miles west of Iceland with viable 
fungi to 9.0 per cu. ft. and fungus spores as high as 15.1 per cu. ft. From this 
point to Greenwood, N.S., polar air No. 9 was sampled. Low numbers of 
fungi were found with fungus spores having a reading of 0.5 spores per cu. ft. 
The bacteria, however, in two of the samplers were higher than in any of the 
other polar air masses. No samples were taken between Greenwood, N.S. 
and Montreal, Que. 

From the trip in June it is apparent that in addition to variation from air 
masses with their characteristic organisms, the samplers gave quite different 
results when sampling the same air at the same time. The filters had much 
lower numbers of bacteria and fungi, owing either to their inefficiency in 
removing them from the air, or from the failure to remove all of the organisms 
from the fibers when dilution plates were made. This was particularly true 
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for the fungi. The two other samplers gave higher readings than the filter 
with the slit sampler usually higher than the McGill G.E. For the bacteria, 
the amounts were not appreciably greater but the yields of the fungi were 
unaccountably higher, being from two to eight times greater than the McGill 
G.E. sampler. From the data obtained on these two flights it would appear 
that polar air has much lower numbers of microorganisms than tropical air, 
and that this is especially true of the fungus spore count. 


Flights in August, 1951 


The flight of Aug. 22, 23 eastward and the return flight of Aug. 26, 27 
covered essentially the same route except that the return flight was via 
Prestwick, Scotland; Keflavik, Iceland; and Goose Bay, Labrador. The 
data are again organized into polar and tropical air masses and numbered 
consecutively as they were sampled (Table II). Over land between Montreal 
and Goose Bay three air masses were encountered: polar air No. 1, air tenta- 
tively labeled tropical No. 2, and polar No. 3. In the two polar air masses 
Nos. 1 and 3 the numbers were comparable, with bacteria less than 0.5 per 
cu. ft. and fungi 2.0-2.6 per cu. ft. In the tropical air No. 2 bacteria were 
slightly higher although less than one per cu. ft., while fungi were 4 5 per 
cu. ft. in the plates and 26.5 per cu. ft. on the slides. 

From Goose Bay eastward over the Atlantic Ocean there were three au 
masses Nos. 4, 5, and 6. The first air mass No. 4 was tropical with fungi in 
the plates having a high reading of 6.4 per cu. ft., but the slide reading of 
fungus spores had less than half this number. The bacteria, however, did 
not show any significant increase. Most of the ocean was covered by a large 
polar air mass No. 5 characterized by low numbers of bacteria, the highest 
reading being only 0.09 per cu. ft. and also low numbers of fungi, the high in 
the plates being 0.2 per cu. ft. and 3.2 per cu. ft. on the slides. These 
readings are comparable with the polar air sampled over mid-ocean in the 
June flight (Table 1, No. 2). A tropical air mass of maritime origin No. 6 
covered the eastern Atlantic and England. The bacteria showed no increase 
whereas the fungi had a marked increase in the plates, 1.4 per cu. ft., but 
there were only 1.2 fungus spores per cu. ft. on the slides. 

Tropical air No. 7 covered England and Scotland when the return flight 
was made four days later. In this air the highest numbers of bacteria for 
the entire flight were encountered with an average reading of 1.49 per cu. ft. 
Fungi also were high with readings of 6.1 and 16.3 per cu. ft. obtained in the 
plates and slides exposed in the slit sampler. Tropical air No. 8 extended 
westward from Scotland for some 200 miles and numbers here were comparable 
with those obtained over England. Polar air No. 9 covered the remaining 
distance to Keflavik, Iceland, in which the bacteria were less than 0.2 per 
cu. ft. and fungi less than 1.0 per cu. ft. Polar air No. 10 extended all the 
way from Iceland to Labrador and the numbers were similar to those in the 
polar air east of Iceland (Table II). 
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TABLE II 


BACTERIA AND FUNGI PER CU. FT. IN THE 11 POLAR AND TROPICAL AIR MASSES, NUMBERED 
CONSECUTIVELY, IN AUGUST BETWEEN MONTREAL AND LONDON: 1-6 EASTWARD 
FLIGHT AUG. 22, 23; 7-11 RETURN FLIGHT AUG. 26, 27; 1, 2, 3, 11 OVER QUEBEC; 

7 OVER ENGLAND, REMAINDER OVER THE ATLANTIC OCEAN 


Air mass McGill G.E. Slit Filter 
Fungus 
Extent spores 
No. Type Bt F B F B F (slit) 
Hr. | Min 
1 Over Quebec 30 0.4 0.2 2.6 
3 P Over Labrador 1 44 0.1 0.6 0.2 2.0 |Con- | 0.05 _— 
tam. 
5 P Mid-ocean 6 56 | 0.03 | 0.05 | 0.03 | 0.2 0.09 | 0.001 3.9 
9 P E. Atlantic 2 35 0.01 | 0.13 | 0.19 | 0.7 — _ 0.2 
10 P Mid-ocean, 
W. Atlantic 7 12 0.03 | 0.06 | 0.17 | 0.5 _ _ 0.35 
z T (?) Over Quebec 1 46 0.8 1.6 0.3 4.5 0.04 | 0.26 26.5 
4 zr W. Atlantic 1 20 0.1 0.7 0.31 | 6.4 0.02 | 0.01 2.5 
6 mT E. Atlantic 2 58 0.04 | 0.2 0.04 | 1.4 0.03 | 0.003 2.2 
7 i Over England 1 00 0.39 | 1.48 | 1.49 | 6.1 — _ 16.3 
8 E. Atlantic 1 03 0.3 0.92 | 8.8 
11 mT Over Quebec 3 50 0.18 | 0.5 0.11 | 0.9 _ _ 361.4 


1B = bacteria (colonies), F = fungi (colonies). 
2 Key to air masses: P = polar, T = tropical, mT = tropical maritime. 


The final leg of the flight was over land from Goose Bay, Labrador, to 
Montreal, Que., in air that was at first labeled polar No. 11. The numbers 
of bacteria (high of 0.2 per cu. ft.) and fungi (less than 1.0 per cu. ft. in the 
plates) were similar to those of other polar air masses, but the extraordinarily 
high numbers of fungus spores on the slides, which averaged 361.4 per cu. ft., 
cast grave doubts on the identification of this air as polar. This air mass, 
based on plate methods only would support the concept of this air mass as 
polar. The usefulness of the silicone slide readings is clearly demonstrated 
here as they indicated that this air mass had a high load of nonviable 
organisms, which could only have originated in or near the tropics. On the 
basis of spore load from silicone slides, the air mass is clearly tropical. Meteoro- 
logically, this air may be polar, but aerobiologically, it is tropical. Its spore 
content suggests that the air had been carried northward into the arctic, 
thence eastward, and finally southward, during which passage most of the 
organisms had lost their viability. 


Comparison of June and August Trips 


Because of the small number of samples, it is difficult to make accurate 
comparisons. In Table III typical mid-ocean air masses are compared using 
two of the samplers. There were no appreciable differences in the numbers of 
bacteria and fungi obtained in the two trips. The lowest numbers of bacteria 
were obtained in the polar air mass, Table III, No. 3, where no viable colonies 
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TABLE III 


BACTERIA AND FUNGI PER CU. FT. IN POLAR AND TROPICAL AIR MASSES IN JUNE (Nos. 3 and 8) 
AND AuGusT (Nos. 4 AND 5) OVER THE MID-ATLANTIC 


McGill G.E. Slit 
Bacteria Polar No. 3, June 0.0 0.05 
“No. 5, August 0.03 0.03 
Tropical No. 8, June 0.25 0.26 
= No. 4, August 0.1 0.3 
Fungi Polar No. 3, June 0.1 0.9 
= No. 5, August 0.05 0.2 
Tropical No. 8, June 0.6 2.4 
a No. 4, August 0.7 6.4 
Fungus spores Polar No. 3, June -- 1.0 
“No. 5, August 3.9 
Tropical No. 8, June — 13.4 
No. 4, August 2.5 


were obtained. Tropical air in June and in August had higher numbers of 
bacteria than polar air. In the fungi also, tropical air had higher numbers 
even in June than polar air in August. Fungus spores, however, while higher 
in tropical air than polar air, had the high number of 15.1 per cu. ft. in tropical 
air in June over mid-Atlantic whereas in August the comparable reading was 
2.5 per cu. ft. It would appear that even with variation inherent in the 
samplers, the differences between sampling in June over the ocean as compared 
with August are not so great as the differences in the number of organisms 
associated with the two types of air masses over mid-ocean. 


Numbers of Microorganisms in Polar and Tropical Air Masses 


Numbers of microorganisms in polar air masses are much lower than in 
tropical air masses. In Table IV the minimum and maximum numbers are 


TABLE IV 


RANGE OF BACTERIA AND FUNGI PER CU. FT. IN ALL SAMPLES BETWEEN 
MONTREAL AND LONDON IN JUNE AND AUGUST FLIGHTS 


Organism Air mass Method Minimum Maximum 
Bacteria Polar McGill G.E. 0.0 0.4 
- Slit 0.03 0.5 
Tropical McGill G.E. 0.03 0.8 
Slit 0.03 0.9 
Fungi Polar McGill G.E. 0.05 1.5 
i Slit 0.05 2.6 
Tropical McGill G.E. 0.2 4.8 
Slit 0.9 9.0 
Fungus spores Polar Slit 0.2 3.9 
Tropical Slit Be 361.4 
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given and both trips are included since there were no significant differences in 
the June and August samples. Although there were not sufficient samples to 
make significant averages, it would appear from the data in this table that 
tropical air contains two to three times more viable fungi and bacteria than 
polar air. A very striking difference is found in the fungus spore count which 
shows that tropical air may actually carry almost one hundred times the 
number of spores in polar air. Data from concurrent plate readings indicates, 
however, that all but a few spores in this tropical air are nonviable. 


Microorganisms Present 


Cladosporium was the commonest fungus of the 4991 colonies examined; it 
was present in all of the air masses in amounts from 54 to 87%, averaging 
82.3% of the total. Twenty-six additional fungi were identified, the 
commonest being Alternaria (2.6%), Pullularia (2.3%), yeasts (2.1%), 
Penicillium (1.6%), Botrytis (1.5%), Stemphylium (1.1%), with nonsporulat- 
ing colonies 3.2%. On the silicone slides Cladosporium was present on all 
but one of the 25 slides and was the principal type present, constituting 48% 
of the total. Spores of other genera, such as smuts (Ustilago) which were not 
represented on the plates, were found on the slides. Many fungi occur in the 
air as groups or clusters of spores as reported in earlier work (18) and recently 
by Gregory (6). Fungus hyphae and pollen grains were also present. There 
is some indication that certain fungi are more common in polar air, as 
Pullularia and Stemphylium, whereas other fungi such as Alternaria and 
Botrytis appear to be characteristic of tropical air. Further details on 
the fungi that were present and their numbers per cu. ft. will be published 
separately. 

Representative bacteria were cultured and of the 367 examined in the first 
trip, and of the 189 in the second trip, Micrococct and Sarcina together made 
up 41.4% and 13.2% respectively. Gram negative rods constituted 4.3% 
and 20.7%, Gram positive pleomorphic rods 20.4% and 37.0% and aerobic 
spore formers 33.2% and 29.0%. Investigation of these cultures is in 
progress and will appear in a separate publication. 


Discussion 


The presence of microorganisms over the northern part of the Atlantic 
Ocean was established by Meier from the collections of fungus spores by 
Lindbergh in 1933 (11). Since adhesive coated slides were used, no informa- 
tion was obtained regarding the viability of the spores obtained. The present 
investigations confirm the findings of Lindbergh and establish the fact that 
not only were fungus spores present, but some of them were still viable. 
There was no evidence of gradual diminution of organisms as the distances 
from land increased. Numbers were found to vary considerably and to 
depend more upon the type of air being sampled than upon the geographical 


location of the sample. Pady and Kelly (18) working in the arctic had found 
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that northerly winds had low numbers of bacteria and fungi, while southerly 
winds had much higher numbers. Studies on fungus spores in the arctic 
indicated that the southerly winds had high numbers but the majority were 
no longer viable. A similar situation apparently exists over the Atlantic 
Ocean, or at least in the northern portion. Here polar air is dominant with 
westerly or northwesterly winds and numbers are low. Occasionally tropical 
air masses move into northerly latitudes and they may carry high numbers of 
organisms if their trajectory has been over agricultural lands. By the time 
such latitudes are reached, most of the organisms are no longer viable. The 
use of silicone slides in conjunction with nutrient plates has clearly demon- 
strated this for the fungi, and it is probably true also for the bacteria. 

Among the fungi, Cladosporium, which is a well-known saprophyte occurring 
on decomposing plant materials, is not only one of the commonest in the air, 
but is also one of the most resistant, as colonies were found in all plates 
exposed over the Atlantic Ocean. This confirms the observations of Newman 
(15) that this organism is present in a viable state over the ocean bodies. 
The fungi and bacteria that were obtained in the plates over the Atlantic 
Ocean are very similar to those obtained in the arctic (16) and are chiefly soil 
organisms. More data are needed, however, on numbers of organisms over 
other ‘parts of the Atlantic Ocean before definite conclusions can be drawn. 
The flights reported here may not be representative, especially since the 
return flights via Iceland were in the arctic where polar air is dominant. It 
would appear, however, that in August viable organisms were present in all 
of the air masses sampled and are apparently capable of making a successful 
west to east crossing of the Atlantic Ocean. 
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CYTOLOGICAL STUDIES OF CHROMOSOMES OF RUST FUNGI 
II. THE MITOTIC CHROMOSOMES OF PUCCINIA CORONATA' 
By R. C. McGrnnis? 


Abstract 


Germinating sporidia of Puccinia coronata Corda f. sp. secalis Peturs. were 
examined cytologically during mitotic nuclear division to determine the chromo- 
some number. Studies at metaphase and anaphase revealed a haploid number 
of three chromosomes in this rust. The possibility of a polyploid series in the 
genus Puccinia is discussed. 


Introduction 


The extremely small size of the chromosomes of the rust fungi has deterred 
investigations of chromosome numbers and behavior in this group of organisms. 
Only limited researches have been reported and in most cases the authors have 
been in doubt as to the accuracy of their chromosome counts. For a brief 
review of literature on this subject, the reader is referred to a recent paper by 
McGinnis (1). In this paper, a haploid number of six chromosomes for Puccinia 
graminis was reported and evidence of polyploidy presented. If P. graminis 
is actually a polyploid, one or more species with a lower chromosome number 
must have contributed to its production. Studies of other species might reveal 
a lower basic chromosome number thereby offering further evidence for the 
existence of a polyploid series in the genus Puccinia. With this objective in 
mind, studies were conducted on the crown rust organism, P. coronata Corda 
f. sp. secalis Peturs. (2). 


Materials and Methods 


Teliospores of P. coronata Corda f. sp. secalis Peturs. were obtained from 
leaves of Agropyron repens (L.) Beauv. collected at Winnipeg, Man. The telio- 
spores were induced to germinate and the discharged sporidia (basidiospores) 
were collected on microscope slides for cytological examination. Since meiosis 
occurs in the promycelia of the teliospores just prior to sporidial formation, 
the sporidia are haploid and consequent!y the studies herein reported are con- 
cerned with the haploid phase of this species. 

The sporidia were fixed in Carnoy’s solution A (6:3: 1) (3), and stained 
with aceto-orcein. Photomicrographs were taken at 900 and further 
enlargements made at the time of printing as described on Plate I. 


Results 


A study of the sporidia showed that one or more nuclear divisions preceded 
germ tube formation. One slide was outstanding for examination because 
many cells contained actively dividing nuclei which facilitated an accurate 

1 Manuscript received July 17, 1953. 


Contribution No. 171 from the Cereal Division, Department of Agriculture, Ottawa, Ont. 
2 Cytogeneticist, Laboratory of Cereal Breeding, Winnipeg, Man. 
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chromosome count. These sporidia had not germinated. In the majority of 
them, four nuclei were present, although a few had from five to eight nuclei. 

So far as could be determined mitosis proceeded normally in this rust. In 
24 cells that were studied at metaphase, three chromosomes were observed 
(Fig. 1). In addition, counts were made at anaphase in 21 cells where the 
three chromosomes had split and the six daughter chromosomes were seen 
to be migrating to the poles (Fig. 2). Other stages of mitosis were not studied 
in detail. It is concluded from these observations that the haploid number 
is three in P. coronata. 

The chromosomes are extremely small. At metaphase they measured 
0.6 uw to 0.75 w in length and about 0.4 uw in width, while at anaphase they 
were of the order of 0.4 uw to 0.5 w in each dimension. 


Discussion 


The fact that P. coronata has n = 3 chromosomes while P. graminis has 
n = 6 chromosomes supports the hypothesis of a polyploid series in the genus 
Puccinia. Since three is an odd number, it would appear likely that it 
represents the basic chromosome number for the genus. On this basis it can 
be postulated that P. coronata is a true diploid while P. graminis is either 
and auto- or allotetraploid. Furthermore, it is possible that P. coronata 
is a constituent species of P. graminis in which case the two species would 
have at least one genome in common. Studies of meiotic chromosome pairing 
in the promycelium of the F; hybrid between the two species—if such a cross 
can be accomplished—would reveal the existence of such chromosome homology. 

Studies of other species of Puccinia to determine chromosome numbers are 
being conducted so that more definite conclusions can be drawn. 
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PLATE | 


Mitosis in sporidia of Puccinia coronata {. sp. secalis 


Fic. 1. Ungerminated sporidium with four dividing nuclei. One nucleus at metaphase 
showing three chromosomes (see arrow ). 3150. 

Fic. 2. Ungerminated sporidium with four dividing nuclei. One nucleus at anaphase 
showing six daughter chromosomes migrating to the poles (see arrow). 3150. 
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STUNT OF CLOVERS, CAUSED BY RHIZOCTONIA SOLANI: 
By W. G. BENEDICT? 


Abstract 


Evidence is presented to prove that stunting of clovers in Essex County, 
Ontario, in 1952 was caused by root parasitizing strains of Rhizoctonia solani 
Kiihn (Corticium solani (Prill. & Del.) Bourd. & Galz.). Typical symptoms of 
stunt were reproduced in greenhouse tests with isolates of this fungus but the 
isolates varied in their pathogenicity to red clover, alfalfa, sweet clover, and 
alsike clover. 


Introduction 


A survey of clover diseases in the early summer of 1952 in southwestern 
Ontario showed that several fields in the north-central part of Essex County 
were strikingly stunted in appearance. As the cause of the stunted growth 
was not apparent and because of the economic importance of the clovers in 
the area, it was decided that the problem should be investigated. 

Previous reports in the literature of stunting of clovers were found to be 
few and fragmentary. For example, mosaic diseases have caused some 
dwarfing of plants. Stunting has most frequently been considered a response 
of this type of plant to unfavorable environmental conditions such as heat and 
drought. Also, a marked stunting of Medicago and Melilotus seedlings was 
reported incidentally in a study of Rhizoctonia solani Wihn in relation to 
cereal root and crown rots (1). 


Experiments and Results 
Isolations 


A quantity of soil (Brookston clay) was taken from unthrifty clover fields 
in Essex County. After a chemical analysis* was made, a portion of the soil 
sample was sown with each of the four principal clovers grown in the district— 
namely, red clover, alfalfa, sweet clover, and alsike clover. The clovers under 
good greenhouse management remained much retarded in their growth and 
development in this soil. Six months after seeding, red clover plants had 
grown 3-5 in. (Fig. 1); alfalfa 4-7 in.; sweet clover up to 14 in.; and alsike 
clover 2-4 in. This stunted condition remained fairly constant thereafter, 
although the plants did not die. The reason for the retarded growth was 
sought in the underground portions of the plants and many isolations of 
various fungi were made from the roots and crowns of the stunted plants. 


1 Manuscript received September 24, 1953. 


Contribution No. 1318, from the Botany and Plant Pathology Division, Science Service, 
Department of Agriculture, Ottawa, Canada. 


2 Associate Plant Pathologist, Science Service Laboratory, Harrow, Ontario. 


* Chemical analyses of soil were performed by the Dominion Experimental Station, Harrow, 
Ontario. 
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Seventeen fungi (listed in Table I) were selected for further study from a 
much larger number which had been isolated. Their approximate growth 
rate on potato-dextrose agar is shown in Fig. 3. 


TABLE I 


SOURCE AND IDENTITY OF FUNGI ISOLATED FROM STUNTED CLOVERS GROWING ON NATURALLY 
INFESTED BROOKSTON CLAY SOIL 


Isolate Source Organism 

R-1 Sweet clover root 2 Nov. 29 Unidentified phy comycete 

R-3 Sweet clover crown 1 Dec. 1 si phycomycete 

R-4 Cylindrocar pon sp. 

R-8 Alfalfa root 3 Nov. 29 Rhizoctonia solani 

R-9 Alfalfa crown 1 Dec. 1 Pythium sp. 

R-10 2 Rhizoctonia solant 

R-11 3 

R-12 Alsike clover root 1 Nov. 28 Alternaria sp. 

-14 ‘ “ 

R-15 Red clover root 1 2 Pythium sp. 

i = 1 6 “ “ “ 2 “ “ “ 

R-17 3 Nov. 29 Rhizoctonia solani 
Pathogenesis 


In pathogenicity tests of the various isolates, steam-sterilized compost 
soil in 4 in. pots was used. Checks included steam-sterilized infested clay, 
methyl-bromide-treated infested clay, steam sterilized sand, and untreated 
infested clay soil. Inoculum consisting of a fourth of a mycelial mat covering 
the medium in a Petri dish was chopped up and mixed with the top half inch 
of soil in each pot. Inoculations were, made in triplicate and the experiment 
was repeated three times from December 1952 to April 1953, each experiment 
being of 30 days’ duration. Fifty seeds were sown per pot and covered 


Fic. 1. Red clover plants, six months old. The stunted plants on the right grown in 
infested ne clay soil are compared with a healthy plant grown in steam-sterilized 
sandy soil. 

Fic. 2, Month-old red clover seedlings illustrating a comparison of the pathogenesis 
of four isolates of Rhizoctonia solani and the stand of seedlings grown in steam-sterilized 
clay. Left to right: check, R-17, R-8, R-11, R-10. (See also Table II.) 

Fic. 3. Photograph of fungus isolates obtained from stunted clovers growing in 
infested Brookston clay soil. (See source and identification in Table 1.) The medium is 
potato-dextrose agar in 90 mm. Petri dishes and the fungi are five days old. 

Fic. 4. Month-old red clover seedlings showing various degrees of stunting and dying 
in infested Brookston clay are compared witha healthy seedling grown in steam-sterilized 
sandy soil. A weft of mycelium and root lesions are evident on affected seedlings. 

Fic. 5. Photomicrograph of superficial dark-colored mycelium of the sclerotial phase of 
R. solani. The edge of a canker is shown at the right of the photograph. (x60) 

Fic. 6. Similar to Fig. 5. (x60) 
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lightly. In each infection experiment the four clovers were used. The 
percentage stand of seedlings after 30 days determined the pathogenicity 
rating of the isolate being tested. Isolates R-8 and R-17, both of which were 
Rhizoctonia solani, caused a pre-emergence damping-off of seedlings of all of 
the clovers tested. In the checks the damage from this source was heavy, 
with alfalfa showing the greatest loss of stand on naturally infested clay, 
namely, 88.7%, while alsike clover showed the least, 67%, both being heavy 
losses. 


Analysis 

The pathogenicity tests of the various fungi showed that the Pythium and 
Rhizoctonia isolates were pathogenic. Rhizoctonia isolates were most virulent 
in producing damage, but a great range of damage was noted from the four 
isolates of R. solani used in the experiments. This is shown in Table II in 
which significant differences were determined by the ¢ test. 


TABLE II 


PERCENTAGE STAND{t OF MONTH-OLD LEGUME SEEDLINGS SHOWING THE VARIATION IN 
PATHOGENESIS OF Pythium AND Rhizoctonia ISOLATES 


Seedling stand, % 
Inoculum 
Red clover Alfalfa Sweet clover | Alsike clover 
R-17 (R. solant) o** o** 
R-11 56.0 38.7 34.0 
R-10 Kg 76.7 64.0 48.7 63.3 
R-16 (Pythium sp.) 56.0 36.7 31.0 33.3 
R-15 os 58.7 58.0 34.0 43.3 
R-9 64.7 30.7 48.0 
Check 85.3 70.7 48.0 76.7 


+ Average of three experiments. 
* Significant at 5% value. 
** Significant at 1% value. 


For the most part the fungi that proved to be pathogenic gave consistent 
results, but for further confirmation, an additional experiment, using only the 
Pythium and Rhizoctonia isolates, was conducted in quadruplicate with each 
of the four clovers. The results of this experiment were consistent with 
those obtained formerly, shown in Table II.. The comparison of the percentage 
stand was significant for three of the Rhizoctonia isolates affecting red clover, 
but for only two affecting the other clovers, the variability in pathogenesis of 
the four isolates of R. solani is shown photographically in Fig. 2. 


The chemical analyses of the sample of naturally infested Brookston clay 
soil taken at the beginning and end of the present investigation are presented in 
Table III. The decrease in the level of phosphate according to these analyses 
is an interesting result and will be referred to later in the discussion. 
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TABLE III 
CHEMICAL ANALYSEST OF INFESTED BROOKSTON CLAY SOIL ON WHICH CLOVERS WERE STUNTED 
IN GROWTH 
Date pH Nitrate Phosphate Potash Calcium 
June 1952 6.6 b MH LM 800 lb./acre 
April 1953 7.4 LM L H 1200 Ib./acre 


+ Chemical analyses of soil were performed by the Dominion Experiment Station, Harrow, 
Ontario. 
L—low, M—medium, H—high. 


Host-Parasite Relations 

The Rhizoctonia isolate designated R-17 when used in infection experiments 
caused a complete pre-emergence damping-off of seedlings which was accom- 
panied by a weft of mycelium that rapidly covered the soil surface. Other 
isolates of R. solani allowed varying percentages of seedlings to emerge. On 
naturally infested Brookston clay soil, clover seedlings showed various stages 
of stunting and dying and a weft of mycelium and root lesions were evident 
on affected plants as shown in Fig. 4. 

From the evidence presented above it would seem reasonable to suppose 
that the fungus R. solani was the cause of the stunt of the clovers. The host- 
parasite relations of red clover and R. solani were studied as representative of 
the disease occurring on the four clovers. 

This fungus produced cankers at or below the surface of the soil that killed 
or seriously injured the parts affected. The margin of a canker is shown in 
the photomicrograph Fig. 5. On the surface of much of the subterranean 
portions of affected host plants, R. solani produced a superficial dark-colored, 
short celled, abundantly branching, rather stout mycelium which developed 
a sclerotial phase as shown in Figs. 5 and 6. Where the fungus made contact 
with the host some adjacent cells were slightly discolored. This superficial 
dark mycelium was quite different in appearance from the slender hyaline 
mycelium found growing within the host tissues of affected plants. The fine 
mycelium of R. solani ramified throughout the cortex of attacked seedlings. 


Discussion and Conclusions 


From the experiments herein reported stunt of clovers caused by R. solani 
may be considered of real economic importance under favorable conditions 
for the development of the disease. The fungus was found to be responsible 
for the death of many small roots, thus contributing to factors causing plant 
mortality. The extensive period of high temperatures and dry weather that 
prevailed in the area throughout the summer of 1952 apparently was conducive 


218 
t 
t 
« 
( 
| 
4 
a 
i 
ae 


larrow, 


nents 
-com- 
On 
tages 
ident 


ppose 
host- 
ve of 


killed 
vn in 
nean 
ored, 
loped 
ntact 
ficial 
aline 
> fine 
1gs. 


olanit 
tions 
sible 
lant 
that 
Icive 


BENEDICT: STUNT OF CLOVERS 219 


to the destructiveness caused by pathogenic strains of this fungus. Also, the 
greenhouse temperatures under which tests were made seemed ideal to main- 
tain the pathogen in an active state throughout the winter season. 

The malady designated Rhizoctonia root canker of alfalfa by Smith (6) 
occurred seasonally in southwestern United States and was correlated with 
high temperature, but the stunt disease caused by this fungus in Essex County, 
Ontario, did not produce any characteristic dark sunken areas. The pathogen 
R. solani is among those fungi well known to be soil-borne and to cause destruc- 
tion of crops and, further, has a wide temperature range, 2°—34.5° C. (3), and 
wide pH range, 2.2 to about 8.5 (2), for growth and infection. Bruehl (1) 
in his study of R. solani in relation to cereal and crown rots has reported seed- 
lings of Medicago and Melilotus suffering from a severe pre-emergence blight, 
with marked stunting and brownish lesions at the collar region of survivors. 
The wide variations in type of tissue attacked and pathogenicity that appar- 
ently exist in the species referred to as R. solani were also found in the present 
investigation. 

Color and other macroscopic differences between R. solani isolates were 
apparent in culture but microscopically these isolates appeared to be similar. 
Marked differences in rate of growth of isolates of R. solani on the same and 
different media were found by LeClerg (4) while studying the parasitism of 
this organism on sugar beet. 

The stunt of the clovers in the present study appeared to be caused by 
strains of R. solani that varied in cultural characteristics and parasitism with- 
out a positive correlation between these two factors. It was interesting to 
find isolates of R. solani that might be assigned zero pathogenic rank, some 
marginal and others highly destructive. Sanford (5) found in his studies on 
R. solani that conditions for marked vegetative growth of the pathogen tended 
to depress its virulence. Although the influence of different environments on 
the type of attacks by this fungus has not been explored fully and reported in 
the literature, the evidence in the present study suggests that at least one 
strain of R. solani of a root-parasitizing form caused the striking retardation in 
the growth and development of the clover crops locally. 

The existence of a low level of phosphate in the infested soil under investi- 
gation could have been important as a contributing factor in the continued 
stunting of the clovers on this soil sample. An experiment using nutrient 
solutions and run concurrently with the above-reported pathogenicity tests of 
the Rhizoctonia group of isolates showed that a lack of phosphate was extremely 
damaging in its effect on growth of these clovers. When phosphate was 
known to be at a satisfactory level, the lack of nitrogen or potassium did not 
induce any visible difference in the growth of clover plants supplied with 
complete nutrient solutions. Under such circumstances the possibility of a 
deficiency of phosphate, although not overlooked as a contributing factor, was 
considered in the present studies to be of only slight importance compared 
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with the effect of fungi, particularly R. solani in causing loss of seedling stand 
and stunt of older plants in the infested Brookston clay soil. The pathogenic 
action of the fungus in causing the stunting of clovers was reproduced by the 
inoculation of plants growing in compost soil* with a satisfactory phosphate 
level. 
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STUDIES IN FOREST PATHOLOGY 


XIII. DECAY IN SUGAR MAPLE IN THE OTTAWA-HURON AND ALGOMA 
EXTENSION FOREST REGION OF ONTARIO! 


By Vipar J. Norp1n? 


Abstract 


Decay results in appreciable losses in sound wood volume in sugar maple 
(Acer saccharum Marsh.) timber in the Ottawa—Huron and Algoma Extension 
Forest region of Ontario. Seventy-four per cent of 606 sample trees had some 
measure of decay. Twenty-eight fungi were found to be associated with decay 
in living trees. The most important of these are Armillaria mellea (Vahl ex Fr.) 
Quél., Polyporus glomeratus Peck, Ustulina vulgaris Tul., Fomes connatus 
(Weinm.) Gill., Hydnum septentrionale Fr., Cortictum vellereum Ell. & Crag., 
Pholiota spectabilis Fr., and Fomes igniarius (L. ex. Fr.) Gill. Several species 
previously unreported in the literature were found to be associated with decay in 
sugar maple in Ontario. Armillaria mellea is the most serious butt-decay fungus 
and P. glomeratus is the most important trunk-rotting species. Frost cracks 
are the most important courts of entry for decay fungi. Various discolorations 
occur in sugar maple. The average extent of decay in living trees is estimated 
according to the occurrence of sporophores of F. connatus, F. igniarius, H. 
septentrionale, and U. vulgaris. The incidence and volume of decay increased 
progressively with age and diameter. One hundred and nine species of Basidio- 
mycetes are tabulated as occurring on living and dead sugar maple in Ontario. 


Introduction 


The investigation of decay in sugar maple (Acer saccharum Marsh.) was 
conducted in the Ottawa—Huron and Algoma Extension Forest region of 
Ontario, a region of 14,019,827 acres or 15% of the total forest area of Ontario 
(35). It is the principal hardwood region in the Province and contains 
the main timber stands of sugar maple. It has been estimated (11) that these 
resources of maple saw timber, 10in. d.b.h.* and over, total 1,499,000,000 
bd. ft., and smaller material, 4 to 9 in. d.b.h., 8,457,000 cords. The hard- 
woods of greatest commercial value are maple and yellow birch. 


Although sugar maple provides the raw material for the maple syrup 
industry and the wood is used extensively for fuel, it is primarily important 
as the leading lumber-producing hardwood species in Ontario. In 1950, for 
example, the manufacture of maple lumber totaled 54,451,000 bd. ft. and was 
valued at $4,833,677 (10). In the same year the revenue for yellow birch 
lumber was $2,994,560, with basswood third at $1,364,093. It is evident, 
therefore, that sugar maple is an integral factor in the economy of the Province 
and that efforts are justified to maintain a standard of intelligent management 
and critical utilization of timber stands of this valuable hardwood. 


1 Manuscript received August 31, 1953. 

Contribution No. 112 from the Division of Forest Biology, Science Service, Department of 
Agriculture, Ottawa, Canada. This paper is adapted from one section of a thesis presented in 
April, 1951, to the University of Toronto in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy. 

2 Officer-in-Charge, Unit of Forest Pathology, Laboratory of Forest Biology, Calgary, 
Alberta. 
3 Diameter at breast height outside bark. 
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For many years decay in commercial stands of sugar maple has presented 
a problem to foresters and lumbermen in Ontario. These forest interests, 
recognizing and appreciating the importance of the matter, have repeatedly 
asked for more accurate information concerning the nature of decay in living 
trees of sugar maple. Accordingly, a preliminary study was begun by the 
Laboratory of Forest Pathology, Toronto, in 1947 and continued through 
1948, in order to determine the identity and habit of the fungi responsible for 
decay and to examine the relationships of decay to various factors, such as 
age and diameter. 


General Characteristics of Sugar Maple 

Sugar maple is a distinctive and beautiful part of the eastern Canadian 
landscape, particularly in the fall when its attractive colors of red, crimson, 
gold-orange, and yellow are so vivid. Its range in Canada extends from 
southern Newfoundland west to the Lake of the Woods. In Ontario it is 
present throughout the southern part of the province, with the northern 
distribution generally limited to the Great Lakes drainage basin (42). Within 
the Province the commercial timber stands of sugar maple occur in the Ottawa-— 
Huron and Algoma Extension Forest region. South of this region the tree 
is found singly, in small scattered groups, and in farmers’ woodlots. 

Sugar maple is a large tree that may reach a maximum height of 135 ft. 
and a diameter of 60 in. in rare cases. The largest tree encountered ii this 
investigation measured 98 ft. high and 33 in. in diameter. Maples 85 ft. in 
height are not uncommon. This species, with its shallow, wide-spreading 
root system, appears to reach best development in a rich, moist, but well- 
drained site. 

In the Ottawa—Huron region it occurs in pure stands, in a birch—beech 
association, or with yellow birch as one of the two major components of the 
stand composition. Minor associates may be hemlock, spruce, white pine, 
ash, basswood, cherry, elm, hickory, ironwood, and oak. Sugar maple is a 
prolific seeder and extremely tolerant of shade throughout life. The forest 
floor frequently is a virtual mat of maple seedlings. 

The wood finds a variety of uses because of its favorable diverse charac- 
teristics such as strength, hardness, abrasion resistance, and excellent finishing 
qualities. Maple lumber is used extensively in the manufacture of furniture, 
flooring, interior woodwork, boxes and crates, slack cooperage, vehicle stock, 
turnery, shoe lasts, handles, woodenware novelties, and many other products. 
Wavy or bird’s eye grains are premium woods for specialty furniture. 

Although sugar maple is not a fast-growing tree even under optimum con- 
ditions for growth, it is long-lived. The oldest sample tree dissected had 
attained an age of 337 years, while trees over 200 years were frequently 
encountered. 


Location of Studies 


The results of this study are based on the critical analyses of sugar maples 
on 29 quarter-acre plots located in four general areas of the Ottawa—Huron 
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TeExt-F1G. 1. Outline map of southern Ontario showing the location of areas studied 
in the Ottawa—Huron and Algoma Extension Forest region. A, Cavendish Township; 
B, Sherborne, Stanhope, and Ridout Townships; C, Paxton Township; and D, Haughton 
and 175 Townships. 


and Algoma Extension Forest region of Ontario (Text-fig. 1). The region 
extends from the southern limit of the forested area of the Province to between 


30 and 50 miles north of the French and Mattawa Rivers and the north channel 


of Lake Huron. At the western boundary, a few miles west of Sault Ste. 


Marie, it reaches north approximately 100 miles to Michipicoten embracing 
the southwest corner of the Mississagi Provincial Forest. 

The township locations of the sample plots, acreage, and total number of 
trees sampled are summarized in Table I. Sixteen plots were established in 


three townships within the limits of the Research Forest of the University of 
Toronto (Text-fig. 1, B). Of these 16 plots, 8 were located in Sherborne, 


TABLE I 


TOWNSHIP LOCATIONS, ACREAGE OF STUDY AREAS, AND TOTAL NUMBER OF MAPLES SAMPLED 


IN THE OTTAWA-HURON AND ALGOMA EXTENSION FOREST REGION OF ONTARIO 


Township Number of plots | Area in acres poncho 
Sherborne 8 2.00 122 
Stanhope 4 1.00 58 
Ridout + 1.00 105 
Cavendish 6 1.50 116 
Paxton + 1.00 109 
175 and Haughton 3 0.75 96 
Total 29 7:25 606 
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4 in Stanhope, and 4 in Ridout. The 13 remaining plots were established in 
the following townships: 6 in Cavendish (Text-fig. 1, A), 4 in Paxton (Text- 
fig. 1, C), 2 in 175 (Text-fig. 1, D), and one in Haughton (Text-fig. 1, D). 


Methods 
Field Procedure 

Sample plots one-quarter acre in size were established in the areas investi- 
gated. The sugar maples on each plots were cut at an average height of one 
foot. The stump height varied from } to 13 ft., depending upon the size and 
form of the tree base. Each tree was sectioned at intervals of 4 ft. to a top 
diameter inside bark of 3 in. The precise extent and dimensions of decay 
were determined by splitting the bolts longitudinally whenever necessary. In 
addition, the following notes were made for each sample tree: age, increment 
on the stump at decade periods; d.b.h.; diameter inside the bark measurements 
at intervals of 8 ft.; total and merchantable heights; the nature and extent 
of natural defects; infection courts of the decay fungi; and the identity and 
location of sporophores. These data were recorded to scale on United States 
Department of Agriculture Form 558-a (15). 

General information such as aspect, topography, ground flora, and moisture 
conditions were noted for each plot. All species, living or dead, were tallied by 
diameter and crown dominance before dissection operations were begun. 

Complete age counts were frequently impossible to obtain on stumps 
decayed so that a number of annual rings were obliterated. In these instances 
ring counts were made at the first two sound sections of the stem and the age 
subsequently corrected to stump height for each individual tree. In addition, 
an average age-height figure was determined for all trees on a sample plot. 
Whenever possible, age estimates were checked further by comparison with 
the ages of sound trees of comparable diameter and growth pattern. 

In most cases the fungus responsible for a specific decay could not be 
identified by macroscopic observation of the gross wood decay. Further, the 
discolored character of the heartwood precluded the reliable determination of 
the incipient presence or absence of a decay fungus. For these reasons, 
samples of the abnormal wood were cut and transported to the temporary 
field headquarters where bits of the decayed or stained wood were transferred 
to test-tubes containing malt agar. These cultures were maintained for later 
microscopic examination and identification. 

A careful search for sporophores was made both on the living trees and on 
slash in order to connect unknown decays with specific organisms. The fungi 
noted and collected are cited in the check list in Table IV. 


Compilation of Data 
Sugar maples of merchantable size‘ were scaled® in board feet from stump 
height to a top diameter inside the bark of 6 in. In accordance with present 
4A merchantable tree is defined to contain at least one log 16 ft. long with a minimum top 
diameter inside bark of 6 in. 


5 Scaling was undertaken in accordance with conventional practice as outlined in the manual 
of scaling instructions published by the Ontario Department of Lands and Forests (32). 
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standards of utilization, volumes of the stump and of logs with a top diameter 
of less than 6 in. were excluded. The net merchantable volume of an 
individual tree was considered as the gross merchantable volume minus the 
volume measured for cull®. All volumes in board feet were computed accord- 
ing to the Doyle Rule (32). The gross and net volume recovery figures were 
obtained by grouping the trees first in 1-in. diameter classes. For example, 
all trees with diameters in the range 6.6 in. to 7.5 in. were included in the 
7-in. diameter class, and all trees with diameters in the range 7.6 to 8.5 in. 
were included in the 8-in. class. The average gross and cull volumes were 
computed for the trees in each diameter class and these values were curved 
by the method outlined by Dwight (17). The average net volumes were 
derived by subtracting the curved average cull volumes from the curved 
average gross volumes. The percentage of cull figures were obtained by 
dividing the curved average cull volumes by the curved average gross volumes. 
The volumes by age class were computed in like manner. 

The cubic volumes of all trees plotted on U.S.D.A. Form 558-a were 
measured with a planimeter. Volumes obtained in this way and volumes 
computed by Smalian’s formula’ were found to compare closely, but since the 
planimeter facilitated cubic computations this latter method was employed. 

On Form 558-a, the gross cubic volumes were calulated by planimeter from 
the point of felling to a top diameter of 3 in. The actual volume of decay, 
the only deduction subtracted from the gross volume to determine the net 
cubic volume, was derived in the same manner. While actual decay is the 
only loss in sound wood volume necessary to be considered on a fuelwood basis, 
deductions in board feet for sawlogs include the actual volume of decayed wood 
and the sound wood that is culled indirectly because of the presence of decay, 
as well as the volume loss resulting from natural defects such as split, check, 
crook, and ring shake. 

Cubic volumes by diameter and age class were prepared similarly to the 
procedure followed with the board foot tabulations. An arbitrary figure of 
65 cu. ft. per cord was adopted (24). This figure excludes bark and is the 


average amount of solid wood per cord irrespective of the diameter of the 
bolt. 


Basic Data on Recovery in Sugar Maple 


Board Feet, Sawlog Basis 


There were 476 trees of merchantable size on 7.25 acres of investigated area 
(Table II). Four hundred and five, or 85%, of the sample trees had deduc- 
tions for decay and natural defects. A minimum figure of 73% of diseased 


6 Cull is defined as the loss in sound wood owing to decay and to natural defects. 
B+b 


xX L, where V = volume in cu. ft., B = area 
of the base in sq. ft., b = area of the top in sq. ft., and L = length of log. 


7 Smalian's formula: Volume = 
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trees was obtained in the stand analyzed in the township of Ridout, whereas 
95% of the merchantable trees in Cavendish township were decayed to varying 
degrees. An examination of the gross volumes listed for the various townships 
shows that the gross recoverable volume varies from 3120 bd. ft. to 14,576 
bd. ft. per acre, depending upon the number and size of the sample trees in 
the particular forest stand. The gross merchantable volume was 48,795 bd. ft. 
and the average was 6730 bd. ft. per acre. The average percentage of loss 
due to decay and to natural defects such as crook, ring shake, and seam 
amounted to 42%. The gross net merchantable recovery was 28,450 bd. ft. 
with an average net volume of 3924 bd. ft. per acre. 


Cubic Feet, Fuelwood Basis 

All sugar maples on the sample plots were considered in the cubic computa- 
tions (Table III). Seventy-four per cent of the 606 trees had some decay. 
On the basis of recoverable fuelwood, where the gross volume is measured 
from stump height to a 3-in. top, the percentage of decay volume is reduced 
to an average figure of 11%. The minimum and maximum percentages of 
decay were respectively 7% and 15%. The average gross volume was 1936.1 
cu. ft., or 29.8 cords, and the net recoverable volume, with deductions for 
decay, amounted to 1718.2 cu. ft., or 26.4 cords, per acre. The conversion 
factor of 65 cu. ft. of solid wood per cord may be decreased or increased 
depending upon the predominating average size of the bolts. 


Fungi Recorded on Sugar Maple 


Approximately 60% of the fungi cited in Table IV were collected during 
the course of the field work. These are deposited in the herbarium of the 
Laboratory of Forest Pathology, Toronto, Ont. In order to present a more 
adequate picture of the fungus flora on sugar maple these collections have been 
supplemented: by additional species of fungi on record in the mycological 
herbaria of the University of Toronto and the Division of Botany and Plant 
Pathology, Science Service, Ottawa. 

The close search for sporophores and their correlation with decay permitted 
the identification of decays otherwise indistinguishable macroscopically and 
difficult to isolate on an artificial medium. For example, many infections of 
Fomes connatus (Weinm.) Gill. were identified only when associated with 
sporophores. The fairly frequent occurrence of fructifications of F. connatus 
was fortunate since it was extremely difficult to isolate this fungus from 
decayed wood. 

Although Basidiomycetes are the fungi found most frequently on sugar 
maple and are the type chiefly associated with decay in the living trees, 
cognizance has been taken of other classes of fungi (25) occurring on this host. 
One such fungus, Ustulina vulgaris Tul., an ascomycete, has been associated 
with considerable butt- and trunk-decay losses in sugar maple in Ontario. 
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TABLE IV 


CHECK LIST OF BASIDIOMYCETES OCCURRING ON SUGAR MAPLE IN ONTARIO 


Species of fungus Herbarium 
Aleurodiscus acerinus var. alliaceus (Quél.) Bourd. & Galz. TRT! 
Aleurodiscus acerinus var. dryinus (Pers.) Bourd. & Galz. TRT 
Aleurodiscus oakesti (Berk. & Curt.) Cooke DAMFP? 
*Armillaria mellea (Vahl ex Fr.) Quél. DAMFP 
Claudopus nidulans Fr. DAMFP 
Clavaria stricta Pers. ex Fr. DAMFP 
*Collybia velutipes Curt. ex Fr. DAMFP 
Contophora betulae (Schum.) Karst. DAMFP 
Corticium analogum (Bourd. & Galz.) Burt DAMFP 
Corticitum bombycinum (Sommerf.) Karst. DAMFP 
Corticium confluens Fr. TRT 
Cortictum galactinum Fr. DAMFP 
Corticium laeve Pers. DAMFP 
Corticium pini-canadensis (Schw.) Rog. & Jacks. TRT 
Corticium scutellare Berk. & Curt. DAMFP 
Corticium tuberculatum Karst.? DAMFP 
*Corticium vellereum Ell. & Crag. DAMFP 
Crepidotus fulvo-tomentosus Peck TRT 
Daedalea confragosa Bolt. ex Fr. DAMFP 
Daedalea quercina L. ex Fr. DAOM? 
*Daedalea unicolor (Bull ) Fr. DAMFP 
Favolus alveolaris (DC. ex Fr.) Quél. DAMFP 
* Fomes connatus (Weinm.) Gill. DAMFP 
* Fomes everhartti (Ell. & Gall.) v. Schr. DAOM 
*Fomes fomentarius (L. ex Fr.) Kickx DAMFP 
*Fomes fraxineus (Bull. ex. Fr.) Cooke DAOM 
*Fomes igniarius (L. ex Fr.) Gill. DAMFP 
Fomes igniarius var. laevigatus (Fr.) Overh. TRT 
Fomes pinicola (Sw.) Cooke DAMFP 
*Ganoderma applanatum (Pers.) Pat. DAMFP 
Grandinia helvetica (Pers.) Fr. TRT 
*Hericium erinaceus (Fr.) Pers.* DAMFP 
*Hericium laciniatum Leers ex Banker DAMFP 
*Hydnum septentrionale Fr. DAMFP 
Hymenochaete badio-ferruginea (Mont.) Lév. DAOM 
Hymenochaete rubiginosa (Dicks.) Lév. TRT 
Hymenochaete tabacina (Sow. ex Fr.) Lév. DAMFP 


1 Herbarium, Department of Botany, University of Toronto, Toronto, Ont. 


2 Herbarium, Laboratory of Forest Pathology, Toronto, Ont. 


3 Herbarium, Division of Botany and Plant Pathology, Science Service, Ottawa. 


4 Identified in culture. 


* Fungt associated with decay in living sugar maple. 
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TABLE IV (Cont'd.) 


CHECK LIST OF BASIDIOMYCETES OCCURRING ON SUGAR MAPLE IN ONTARIO (Cont'd.) 
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Species of fungus Herbarium 
Irpex mollis Berk. & Curt. TRT 
Lentinus rudis Fr. TRT 
Lenzites betulina L. ex Fr. DAMFP 
Lycopernon umbrinum Pers. DAMFP 
Merulius tremellosus Schrad. ex Fr. DAMFP 
Mycena corticola (Fr.) Gray DAMFP 
Odontia crustosa (Fr.) Quél. TRT 
Odontia fimbriata Fr. TRT 
Panus stipticus Fr. TRT 
*Peniophora sp.4 DAMFP 
Peniophora affints Burt DAMFP 
Pentophora allescheri Bres. DAMFP 
Pentophora aspera (Pers.) Sacc. DAMFP 
Pentophora cinerea (Pers.) Cooke DAMFP 
Peniophora heterocystidia Burt DAMFP 
Pentophora hydnotdes (Cooke & Massee) Hohn. TRT 
Peniophora longispora (Pat.) Hohn. TRT 
Peniophora ludoviciana Burt TRT 
Pentophora sambuci (Pers.) Burt DAMFP 
Peniophora sanguinea (Fr.) Hohn. & Litsch. TRT 
Phlebia sp. TRT 
*Pholiota adiposa Fr. DAMFP 
Pholiota albacrenulata Peck DAOM 
*Pholiota spectabilis Fr. DAMFP 
Physalacria inflata (Schw.) Peck TRT 
*Pleurotus ostreatus Jacq. ex Fr. DAMFP 
Pleurotus serotinus Fr. TRI 
*Pleurotus ulmarius Bull. ex Fr. DAMFP 
*Polyporus ‘“‘complex’’® DAMFP 
*Polyporus adustus Willd. ex Fr. DAMFP 
Polyporus albellus Peck TRT 
Polyporus biformis Klotzch TRT 
Polyporus brumalis Pers. ex Fr. TRT 
Polyporus cinnabarinus Jacq. ex Fr. DAMFP 
Polyporus cuticularis Bull. ex Fr. DAMFP 
Polyporus delectans Peck DAOM 
Polyporus dichrous Fr. DAMFP 
Polyporus elegans (Bull.) Fr. DAMFP 
Polyporus giluus Schw. ex Fr. DAOM 
*Polyporus glomeratus Peck DAMFP 
Polyporus hirsutus Wulf. ex Fr. DAMFP 


4 Identified in culture. 


5 This ‘‘complex"’ involves four species: Polyporus hirsutus, P. pubescens, P. versicolor, and 


P. zonatus Fr. At present, it 1s difficult to distinguish these fungi in culture. 


* Fungi associated with decay in living sugar maple. 
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TABLE IV (Concl'd.) 
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CHECK LIST OF BASIDIOMYCETES OCCURRING ON SUGAR MAPLE IN ONTARIO (Concl’d.) 


Species of fungus Herbarium 
*Polyporus pargamenus Fr. DAMFP 
Polyporus pubescens Schum. ex Fr. DAMFP 
Polyporus radiatus Sow. ex Fr. TRT 
*Polyporus resinosus Schrad. ex Fr. DAMFP 
Polyporus rutilans Pers. ex Fr. TRT 
Polyporus spumeus (Sow.) Fr. DAOM 
*Polyporus tulipiferae (Schw.) Overh. DAMFP 
Polyporus varius (Pers.) Fr. DAOM 
Polyporus velutinus (Pers.) Fr. TRT 
*Polyporus versicolor L. ex Fr. DAMFP 
Portia ambigua Bres. DAMFP 
Poria candidissima (Schw.) Cooke TRT 
Porta corticola (Fr.) Cooke DAMFP 
Portia eupora (Karst.) Cooke TRT 
Porta ferruginosa (Schrad. ex Fr.) Karst. TRT 
Porta punctata Fr. DAMFP 
Radulum spathulatum (Fr.) Bres. TRT 
*Schizophyllum commune Fr. DAMFP 
Stereum cinerascens (Schw.) Massee TRI 
Stereum fasciatum Schw. DAMFP 
Stereum hirsutum (Willd.) Fr. TRT 
*Stereum murratt (Berk. & Curt.) Burt DAMFP 
Stereum purpureum (Pers.) Fr. DAMFP 
Stereum rameale Schw. TRT 
Stereum roseocarneum (Schw.) Fr. DAOM 
Trametes malicola Berk. & Curt. DAMFP 
Trametes mollis (Sommerf.) Fr. DAMFP 
Trogia crispa Fr. DAMFP 
Vararia effuscata (Cooke & Ellis) Rog. & Jacks. TRT 
Vararia investiens (Schw.) Karst. TRT 
Volvaria bombycina Fr. TRT 


* Fungi associated with decay in living sugar maple. 


Decay in Living Trees of Sugar Maple 


REVIEW OF PREVIOUS INFORMATION 


Although numerous publications (2, 4, 14, 23, 27, 37) deal with specific 
decays or the rots of hardwoods generally, Pomerleau (31) appears to be the 
sole investigator to have given some attention to sugar maple diseases collec- 
tively. In discussing disease in relation to the improved management of 
sugar maple wood lots, Pomerleau lists eight decay fungi for sugar maple in 
Quebec, as follows: Armillaria mellea (Vahl) Quél., Daedalea unicolor (Bull.) 
Fr., Fomes applanatus (Pers.) Walk., Fomes connatus (Weinm.) Gill., Fomes 
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igniarius (L.) Gill., Hydnum septentrionale Fr., Polyporus glomeratus Peck, and 
Ustulina vulgaris Tul. Campbell and Spaulding (9) have recorded three 
additional fungi as occurring rarely on sugar maple: Fomes igniarius var. 
laevigatus Fr., producing a canker and limited decay; Polyporus sulphureus 
(Bull.) Fr., causing a brown cubical rot; and Fomes fomentarius (L.) Kickx, 
resulting in a white to yellow rot. Sugar maple and other hardwoods are 
reported (16) decayed and cankered by Stereum murrayi (Berk. & Curt.) Burt. 
In central New York State the basal stems of glaze-damaged sugar maple and 
beech were noted (38) to have limited sap rot caused by Daedalea unicolor, 
Peniophora sp., Polyporus adustus (Willd.) Fr., P. hirsutus (Wulf.) Fr., 
P. pargamenus Fr., P. tulipiferus (Schw.) Overh., P. versicolor (L.) Fr., and 
Schizophyllum commune Fr. In his enterprising undertaking of the Index of 
Plant Diseases in the U.S., Weiss (41) has listed two other fungi in living sugar 
maple; Polyporus hispidus (Bull.) Fr., and Polyporus squamosus (Huds.) Fr. 
The two latter fungi and Polyporus sulphureus were not identified in this 
investigation. Possibly these species do occur infrequently in sugar maple in 
Ontario. Other studies of fungi on maple have dealt with Daedalea unicolor 
(6), Polyporus glomeraius (7, 20), and Ustulina vulgaris (8). 


Results of the Current Investigation 

In this study 28 fungi were associated with decay in living sugar maples. 
Two of these, Daedalea unicolor (Plate XV, Fig. 7) and Fomes fomentarius 
(Plate VI, Figs. 1 and 2), were not encountered in the sample trees. However, 
D. unicolor was found to decay and canker sugar maples of sapling size and 
sporophores of F. fomentarius occurred on two trees growing beyond the 
boundaries of the sample plots. In living maples the rot of F. fomentarius 
generally is limited to the sapwood. In dead trees or old logs, however, the 
heartwood is soon invaded. The latter characteristics have been observed on 
other hardwoods such as beech (Fagus grandifolia Ehrh.) and yellow birch 
(Betula lutea Michx. f.) in Ontario as well as in New Brunswick and Nova 
Scotia (28). In the two latter provinces, for example, over a period of two 
years only one beech, one sugar maple, and one yellow birch were noted to 
bear these fructifications. On dead trees sporophores of F. fomentarius may 
literally cover the main stems. 

Table IV shows that relatively few of the fungi occurring on maple logs and 
slash were associated with decay in the living host. The number of fungi in 
living trees is comparatively low when cognizance is taken of the 109 species 
listed in Table IV. It is possible that a few slash fungi may be found to be 
associated with decay when further verifying cultural data are obtained to 
correlate sporophores to corresponding vegetative thalli in wood. 

Except for brief references by the author (29, 30), Corticium vellereum 
(Plate VIII, Figs. 1 and 2) has not been reported previously in the literature 
to occur in sugar maple or other hardwoods. Similarly, Pholiota spectabilis 
(Plate VIII, Fig. 4) has not been noted in sugar maple, although recent 
unpublished reports (3, 40) record the occurrence of this fungus on black 
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cottonwood (Populus trichocarpa Torr. and Gray) in British Columbia and on 
trembling aspen (Populus tremuloides Michx.) in Ontario. It is interesting that 
C. vellereum is listed (40) as occurring on cottonwood slash, but not in living trees. 

One infection of Hericium laciniatum (Plate XV, Fig. 3) was established in a 
trunk scar and was associated with a limited decay of the heartwood. This 
appears to be the first report of H. laciniatum in living trees of this species. A 
decay in hickory has been attributed to this fungus (1). 

The Polyporus ‘“‘complex’”’ involves four species: Polyporus hirsutus, 
P. pubescens, P. versicolor, and P. zonatus. At the time of writing no satis- 
factory cultural criteria were known to distinguish these fungi. Tentatively, 
therefore, eight infections of the heartwood and five infections of the sapwood 
are attributed to the Polyporus ‘“‘complex”’. 


The Incidence and Significance of Decay Fungi 


Boyce (4) records sugar maple in northern hardwood forests to be relatively 
sound with most of the decay caused by Fomes connatus (Plate IV). In this 
Province sugar maple is frequently defective; decay was recorded in 85% of 
the merchantable trees and 74% of the sugar maples of all ages. Polyporus 
glomeratus (Plate XI) was found to be the most important fungus associated 
with decay of trees of all ages, while Armillaria mellea (Plates II and III) was 
most significant in mature trees. Corticium vellereum also occurred more 
frequently than Fomes connatus, but infections of the latter resulted in greater 
volume of decay. 

The incidence of occurrence and significance of the decay fungi in sugar 
maple are presented in Table V. Of the 28 fungi in the living host only four, 
Polyporus glomeratus, Corticium vellereum, Armillaria mellea, and Fomes 
connatus were of relatively frequent occurrence. Other species occurred less 
commonly but, in some instances, were associated with consequential decreases 
in sound wood volume. On the basis of cubic feet of decay, the fungi associated 
with the most serious losses are A. mellea, P. glomeratus, Ustulina vulgaris 
(Plates XIII and XIV), F. connatus, Hydnum septentrionale (Plate VII), 
C. vellereum, Pholiota spectabilis, Fomes igniarius (Plate V, Figs. 1 and 2), 
Pholiota adiposa (Plate VIII, Fig. 3), and Hericium erinaceus. 

Armillaria mellea, the shoestring root-rot fungus, was associated with more 
butt decay than any other fungus. Fomes connatus was the second most 
frequently encountered species in the basal region of the host. The major 
butt-rot fungi according to the cubic volume of sound wood decayed are 
Armillaria mellea, Ustulina vulgaris, Fomes connatus, Pholiota adiposa, and 
Polyporus glomeratus. 

The results show that Polyporus glomeratus is the most destructive trunk 
rot fungus, accounting for 36% of the infections and 40% of the cubic volume 
of decay of the trunk. The trunk fungi associated with the greatest decay 
losses were Polyporus glomeratus, Hydnum septentrionale, Ustulina vulgaris, 
Corticium vellereum, Pholiota spectabilis, Fomes connatus, Fomes igniarius, and 
Polyporus tulipiferae (Plate XV, Fig. 6). 
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TABLE V 


THE INCIDENCE OF OCCURRENCE AND THE SIGNIFICANCE OF THE FUNGI ASSOCIATED WITH 
DECAY IN SUGAR MAPLE IN THE OTTAWA-HURON AND ALGOMA 
EXTENSION FOREST REGION OF ONTARIO 


Number 
Species of fungus yg be soma of infections of decay of volume 

Polyporus glomeratus 119 25.4 250.1 23.1 
Corticium vellereum 73 15.6 65.2 6.0 
Armillaria mellea 66 14.1 266.5 24.3 
Fomes connatus 52 2.1 87.3 8.0 
Fomes igniarius 26 3.5 36.7 3.4 
Pholiota spectabilis 25 o.2 49.5 4.5 
Hydnum septentrionale 21 4.5 77.4 ese 
Ustulina vulgaris 18 3.8 143.0 13.1 
Pholiota adiposa 14 3.0 34.7 a2 
Polyporus ‘‘complex”’ 13 4.1 
Hericium erinaceus 12 2.6 26.7 2.4 
Ganoderma applanatum 6 0.7 
Pleurotus ostreatus 1.1 0.5 
Polyporus tulipiferae + 0.9 11.8 ie | 
Pleurotus ulmarius 2 0.4 9.0 0.8 
Polyporus adustus 2 0.4 5.0 0.5 
Fomes everhartit es 0.4 1.0 0.1 
Stereum murraii 1 0.2 | 0.1 
Fomes fraxineus 1 0.2 0.7 Trace* 
Collybia velutipes 1 0.2 0.5 Trace 
Pentophora sp. 1 0.2 0.5 Trace 
Polyporus resinosus 1 0.2 0.3 Trace 
Hericium laciniatum 1 o.2 0.2 Trace 
Polyporus pargamenus 1 0.2 0.2 Trace 
Polyporus versicolor 1 0.2 0.2 Trace 
Schizophyllum commune 1 0.2 0.2 Trace 


* “Trace” indicates less than 0.1% decay. 


It is interesting that Corticium vellereum, although frequently isolated in 
culture, was not associated consistently with a specific type of decay. There- 
fore, the significance of C. vellereum as indicated by cultural isolations should 
be considered uncertain until critical studies have been completed to determine 
the exact role of this fungus in living trees. The pathogenicity of C. vellereum 
is currently being investigated by Dr. H. M. Good (21) of Queen’s University, 
Kingston, Ont. 


Courts of Entry and Infections 

It has been adequately demonstrated that living trees are not usually 
decayed unless the protective bark has been broken and the inner heartwood 
and sapwood exposed to infection by decay fungi. Further, it has been 
established that the origin, size, and number of wounds, time of wound healing, 
and character of exposed wood are all factors governing the chances 
of infection. 
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Although the majority of the fungi may be classified as wound parasites® 
and require some form of lesion before decay may be initiated, Armillaria 
mellea is an exception. Infections by this fungus are established in wounds 
but direct penetration of sound uninjured roots may occur (39). 

Wood-destroying fungi in sugar maple enter the host through frost cracks, 
dead branches and branch stubs, scars, roots, cankers, burls, damaged tops, 
and the parent stump (Plate XVII). The relative significance of these entry 
points is summarized in Text-fig. 2 and Tables VI and VII. A cursory 
examination of Text-fig. 2 and Table VI immediately identifies the importance 
of frost cracks, dead branches and stubs, scars, and roots in the establishment 
of decay. More than 90% of the infections were traced to these courts of 
entrance, resulting in more than 91% of the total cubic volume of decay 
distributed in the sample trees. Frost cracks and scars caused by falling 
trees, lightning, and fire are extremely suitable for the establishment of decay 


because of the extensive areas of exposed wood and the long process of time 


required for the completion of the growth of protective callus. Dead branches 


50 


sPercentage of infections 


Percentage of Cubic Volume 
of Decay 


UME 


DECAY 


PERCENTAGE OF INFECTIONS A 


Frost Branches Scars Roots Cankers Buris Unknown and 
Cracks and Stubs Miscellaneous 


INFECTION COURT 


TeExtT-FIG. 2, Relationship between infection courts and the percentage of infections 
and cubic volume of decay. 


8 According to Giumann (19), ‘‘wound parasite’ is an unfortunate term. However, it is 
retained in this paper because of its widespread and popular usage. 
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TABLE VI 


THE RELATION BETWEEN INFECTION COURTS AND THE INCIDENCE OF INFECTIONS 
AND THE CUBIC VOLUME OF DECAY IN SUGAR MAPLE 


Infections Percentage 
Infection court P er nt a Ke d of volume 
Frost cracks 318 35.3 624.9 39.6 
Dead branches and branch stubs 297 33.0 261.1 16.5 
Scars 136 15.4 318.8 20.2 
Roots 66 13 237.9 15:4 
Cankers 7 0.8 37.0 2.3 
Burls 0.6 2.2 
Damaged tops 4 0.4 4.0 0.2 
Parent stump 1 0.1 22 0.1 
Unknown 67 7.4 76.2 4.9 
Totals 901 100.0 1579.2 100.0 


and stubs are plentiful and afford excellent courts of infection for trunk- 
decaying fungi. Roots facilitate the entry of a number of important butt- 
decay fungi. Together, these conditions greatly increase the cumulative risk 
of infection. 
Frost cracks or “ribs’’ are of frequent occurrence. This frequency may be 
explained in part by the fact that sugar maple in this region is approaching 
the northern limits of its range. Thirty-five per cent of the total number of 
infections entered the host through frost cracks; these infections resulted in 
nearly 40% of the cubic volume of decay. Fungi entering the living host 
consistently through frost crcaks were Fomes connatus, Pholiota spectabilis, 
Hydnum septentrionale, Pholiota adiposa, Hericium erinaceus, and Ganoderma 
applanaium (Table XII). It is evident that frost cracks are an important 
mode of entry for a wide range of wood-rotting fungi and that they are of 
primary significance to the incidence and volume’ of decay prevalent in living 
sugar maples in Ontario. This natural defect must be an important con- 
sideration when determining the net volume recovery in local forest stands. 
Dead branches and stubs are second only to frost cracks as a locus suitable 
for the initiation of rot. However, the decay loss was less than that resulting 
from half as many scar infections, partly because many of the infections of 
fungi entering through branches and stubs frequently result in relatively minor 
amounts of decay. For example, decay associated with Polyporus glomeratus 
was restricted generally to the central core of heartwood. It is possible that 
maple heartwood may be resistant to radial penetration by certain fungi and 
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TABLE VII 


INFECTION COURTS OF THE FUNGI ASSOCIATED WITH THE DECAY OF SUGAR MAPLE IN THE 
Ottrawa-HuRON AND ALGOMA EXTENSION FOREST REGION OF ONTARIO 


Percentage 
Species of fungus Dead 
branches and| Scars} Roots | Cankers| Burls Damaged | Parent Unknown 
cracks tops stump 
branch stubs 
Polyporus glomeratus 28 49 14 _ _ 1 1 _ 7 
Corticium vellereum 25 33 22 _— 1 1 — _ 18 
Armillaria mellea 29 — 11 59 1 
Fomes connatus 52 25 21 2 
Fomes igniarius 27 54 15 4 
Pholiota spectabilis 50 9 14 9 _ 5 _ _— 13 
Hydnum septentrionale 43 14 38 5 
Ustulina vulgaris 32 5 37 16 5 — —_ 5 —_ 
Pholiota adiposa 43 29 7 21 
Hericium erinaceus 59 17 8 _— 8 _ _ — 8 
Ganoderma applanatum 50 17 _ 17 16 
Pleurotus ostreatus 20 20 40 20 
Polyporus tulpiferae 50 25 — 25 


that this resistance decreases progressively towards the pith. Such resistance 
to decay has been demonstrated by studies undertaken on the following tree 
species: redwood (36), western red cedar (12), European larch (13), white oak 
(43), and black locust (34). 

Almost 50% of the 119 infections attributed to Polyporus glomeratus 
originated in branch stubs. Other fungi associated with stubs were Coriicium 
vellereum (33%), Fomes igniarius (54%), and the Polyporus ‘“‘complex” (77%). 

Trunk and basal scars were correlated with 15.1% of the total number of 
infections. However, on the basis of loss in cubic volume of decay these 
lesions are second only to frost cracks in importance. Corticium vellereum, 
Fomes connatus, Hydnum septentrionale, and Ustulina vulgaris were commonly 
associated with scars. 

Infections originating in exposed roots, root crotches, and subterranean 
roots resulted in considerable decay. Three fungi were frequently associated 
with roots, namely Armillaria mellea, Pholiota adiposa, and Ustulina vulgaris. 
Approximately 60% of the total incidence of A. mellea, the most serious butt- 
decay fungus, originated in the root system. Fungus cankers, burls of 
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unknown origin, and tops damaged by phenological disturbances and insect 
borers were of minor significance. One infection by U. vulgaris was traced 
to the decayed parent stump. 


Decay Fungi in Relation to Occurrence in the Bole 

In Table VIII the decay fungi are listed in relation to their general frequency 
of distribution in the bole. The majority of the fungi are not limited to a 
specific location in the stem but may occur in any part of the trunk. Most of 
the species invade the heartwood primarily but a few are sapwood pathogens 
that rarely extend into the heartwood of living trees. Fungi that decay the 
sapwood of living maples are Fomes fomentarius, Pleurotus ostreatus, Polyporus 
pargamenus, Polyporus versicolor, and Schizophyllum commune. 

Decay caused by Armillaria mellea always originated in the butt® section of 
the host. Decays originating in the trunk were not attributed to this fungus. 
Although all infections were established in the roots or basal wounds some of 


TABLE VIII 


THE FUNGI ASSOCIATED WITH DECAY IN LIVING SUGAR MAPLES AND THEIR RELATION 
TO THE PORTION OF THE TREE BOLE AFFECTED 


Decay of heartwood 
Species of fungus Decay of sapwood 
Butt Trunk 


* 


Armillaria mellea 
Collybia velutipes 
Corticium vellereum 
Fomes connatus 

Fomes everhartit 
Fomes fomentarius 
Fomes fraxineus 
Fomes igniarius 
Ganoderma applanatum 
Hericium erinaceus 
Hericium laciniatum 
Hydnum septentrionale 
Pentophora sp. 
Pholiota adiposa 
Pholiota spectabilis 
Pleurotus ostreatus 
Pleurotus ulmarius 
Polyporus adustus 
Polyporus ‘‘complex”’ 
Polyporus glomeratus 
Polyporus pargamenus 
Polyporus resinosus 
Polyporus tulipiferae 
Polyporus versicolor 
Schizophyllum commune 
Stereum murrati 
Ustulina vulgaris 


y** 


* 
* 


* “X" indicates the common location of decay. 
** ““Y"" indicates the occasional or rare location of decay. 
*#* “X" Zs the condition intermediate between and 
® Decay originating within 6 ft. of ground level is considered as butt decay. 
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these reached considerable distances up the trunk. No infections of A. mellea, 
however, were found to extend more than 25 ft. above the ground and the 
average length of the shoestring rot was 6.5 ft. in trees less than 140 years old 
and 11.5 ft. in trees more than this age. These data add further circum- 
stantial evidence to support the thesis that basidiospores function principally 
to infect stumps, snags, and wood fragments, and rarely serve to initiate 
decay in the living host. 

Fomes connatus, G. applanatum, P. adiposa, and U. vulgaris are common 
butt-rotting species, but in addition they may give rise to infections of the 
upper bole. Conversely, typical trunk-rotting fungi such as F. igniarius, 
H. septentrionale, P. spectabilis, and P. glomeratus may grow into, or occur in, 
the basal portion of the stem associated with extensive decay. 


Decay in Merchantable Trees as Indicated by Sporophores 

A number of factors assume importance when decay in standing trees is 
determined on the basis of the occurrence of the sporophores. The species 
of fungus is a primary consideration. In sugar maples of merchantable size, 
for example, Fomes connatus is a sign of limited decay, whereas fruit clusters 
of Hydnum septentrionale represent extensive decay. In contrast, fructifica- 
tions of Pleurotus ostreatus are associated with only superficial decay of 
localized exposed areas of injured sapwood. 

A sporophore of Fomes connatus will thus indicate limited rot in the region 
of the fruiting body. Extreme caution must be exercised, however, in gauging 
the total volume of decay in the individual tree because more than one infection 
may be present. The size of the tree and the number and character of visible 
wounds are important factors when estimating the total volume of decay. 

Of the 28 fungi associated with decay only four fruit with sufficient frequency 
to be included in the general averages listed in Table IX. Most of the major 
decay fungi fruit only on dead trees and slash. The mushrooms of Armillaria 
mellea occur generally in the fall close to infected trees, but their diagnostic 
value is dubious since they are short-lived and may be overlooked. Polyporus 
glomeratus and Corticium vellereum are associated with decay very frequently, 
but fructifications of these fungi have never been observed on the living host. 


TABLE IX 


LINEAR FEET OF DECAY IN LIVING SUGAR MAPLES AS INDICATED BY 
THE OCCURRENCE OF SPOROPHORES 


Linear feet of decay : 
Species of fungus ee 
Above the sporophore | Below the sporophore weed 
Fomes connatus 4 3 7 
Fomes igniarius 9 5 14 
Hydnum septentrionale 13 6 19 
Ustulina vulgaris 9 


* Basal decay infections. 
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In Quebec, decay of sugar maple caused by Fomes connatus is reported by 
Pomerleau (31) to extend 1 ft. above and below the entrance point as he writes, 
“La carie qu’il cause est rarement trés développée; elle ne dépasse guére un 
pied de longueur au-dessus au-dessous du point d’entrée’’. In the United 
States a total cull of three linear feet for this fungus is suggested for sugar 
maple in northern hardwood forests (4). However, Campbell and Spaulding 
(9) suggest a total linear cull of 6 ft., 3 ft. above and below the sporophore. 
The latter approximates the figures listed in Table [X for sugar maple in 
Ontario where the linear decay was found to average 4 ft. above and 3 ft. 
below the sporophore. 

A linear cull of 8 ft. above and below the fruit body of Fomes igniarius is 
recommended for sugar maple in the Northeastern United States (9). In 
Ontario, a single sporophore usually indicates extensive decay. The average 
length of rot above the sporophore was 9 ft. Fruit bodies examined on the 
host trees occurred within 5 ft. of ground level and, in all instances, the decay 
extended below stump height. 
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Text-FIG. 3. Relationship between age and the cumulative hazard of infection. 


—PERCENTAGE — 


- 
ave 
str! 
rec 
12: 
fru 
lin 
Cu 
of | 
| 


NORDIN: STUDIES IN FOREST PATHOLOGY. XIII. 241 


A cluster of sporophores of Hydnum septentrionale was associated with an 
average linear length of decay of 13 ft. above and 6 ft. below these reproductive 
structures. A large imbricate cluster is generally a reliable sign that the 
recoverable merchantable volume of the tree is zero. 

Ustulina vulgaris is associated with serious loss predominantly in trees 
125 to 200 yearsold. The presence of numerous black, crustaceous, perithecial 
fruit bodies (Plate XIII) at the base of the host indicates an average of nine 
linear feet of decay. 


Cumulative Hazard of Infection 

The cumulative hazard of infection is demonstrated graphically in Text-figs. 
3and 4. Although the diseased trees average at least two separate infections 
of decay, for all practical purposes these were considered as one for each host. 
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TExtT-FIG. 4. Relationship between diameter breast height outside bark and the 
cumulative hazard of infection. 
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The results show that sugar maple in the Ottawa—Huron region of Ontario is 
susceptible to decay infection at an early age. More than 65% of the sample 
trees 41 to 80 years old were decayed to some extent. A rot incidence of 85% 
in the 121- to 160-year age group increases to 100% in trees over 241 years. 
It is evident that the incidence of decay is a function of time since, with 
increasing age, the risk of infection is enhanced by an increment in the number 
and variety of wounds. 

A similar trend based on diameter at breast height presented in Text-fig. 4 
is not unexpected since diameter is a function of age. Eighty per cent of the 
sugar maples in the 10-in. diameter class had one or more infections and in 
trees,of greater girth, at least 90% were infected. 


Decay Type in Relation to Cubic Volume of Loss 


The relative significance of heartwood decay of the trunk and of the basal 
region of the tree bole and sapwood decay is illustrated in Text-fig. 5. Trunk 
rots accounted for 869.0 cu. ft. or 55.1% loss; root- and butt-rots, 596.2 
cu. ft. or 37.8% loss; and sapwood rot totalled 114.0 cu. ft. or 7.1% of the 
gross decay loss. The data show that heartwood-rotting fungi were respon- 
sible for most of the total cubic volume of decay. From a commercial stand- 
point sapwood decay is of minor consequence. 

The volume of heartwood decay in the trunk is greater than the volume of 
basal rot in residual trees. However, field observations indicate that butt 
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TExT-FIG. 5. Relationship between type of decay and the percentage of the total cubic 
volume of loss. 
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rot is a factor in the predisposition of trees to windfall and wind-breakage. 
If data were available on this form of mortality, the volume losses attributed 
to root and butt infections would probably approximate the volume of damage 
by trunk fungi. In merchantable sugar maples trunk decays assume import- 
ance in trees of all ages, whereas root and butt decays are predominantly 
significant in mature and overmature trees. 


Discoloration in Sugar Maple 


Abnormal colorations are not uncommon in sugar maple growing in this 
region. Green streaks or pockets in the sapwood and heartwood encountered 
periodically during the course of the investigation are an important de-grading 
factor. Mill operators have experienced difficulties in machining logs exhibit- 
ing this green stain. The origin of the abnormality is unknown (33) but a 
similar condition in the Northeastern United States is tentatively attributed 
to a fungus (23), while Campbell and Spaulding (9) have associated mineral 
stain with various types of wood-exposing injuries. According to Fritz (18), 
“the presence of fungal threads suggests that it may be an early stage of 
heartwood rot”. Initial cultural attempts by the writer to determine a 
pathogen or pathogens as a cause of ‘‘mineral stain’’ have proved inconclusive. 

A dark, discolored heartwood, popularly termed “‘blackheart’’, is a common 
character of sugar maple in this Province. ‘‘Blackheart’’ appears to be 
correlated to wet, poorly-drained sites and is less apparent in well-drained, 
deep loam, or limestone sites. In this study fungi isolated consistently in 
association with ‘‘blackheart” were Libertella acerina Westend, Fusarium sp., 
Alternaria sp., and Epicoccum sp. It is interesting that Fusarium negundi 
Sherb. has been reported to cause a red stain of living box elder (22). 

One infection by Hymenochaete tabacina Sow. ex Lév. resulted in only a 
limited area of discoloration. Other miscellaneous fungi isolated from dis- 
colored wood were Ceratostomella sp., Cladosporium sp., Cephalasporium sp., 
Phialophora sp., and several species of Mucor, including M. fragilis Bainier, 
and M. ramanianus Miller. 


Diameter Relationships 


In forest practice diameter is the practical denominator for the utilization 
and management of forest stands. For example, volume tables are standard- 
ized to diameter at breast height outside bark. Similarly, diameter is basic 
to many other forest practices relating to forest inventory. Cull correlated to 
diameter, therefore, is of practical value to foresters and lumbermen. 

In general, diameter is a function of age; that is, diameter increases with 
age. This relationship, which has been shown to be close in many instances 
(5), is illustrated for sugar maple in Text-fig. 6. Although a correlation is 
evident, there is erratic variation at a specific age or diameter. This aberration 
is expected since diameter growth is influenced greatly by other factors, such 
as stand density and quality of site. 
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Gross, cull, and net volumes in board feet and the percentage of cull in 
relation to diameter are presented in Text-fig. 7 and Table X. The volumes 
in Table X are derived from the regression lines in Text-fig. 7. 

The gross volumes show a close relationship to diameter. Nevertheless, 
the gross volumes of individual trees within a diameter class may vary greatly 
owing to differences in height and form. Cull volumes are more erratic 
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TEXT-FIG. 6. Relationship between age and diameter breast height outside bark in 
sugar maple in the Ottawa—Huron and Algoma Extension Forest region of Ontario. 
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because of the greater number of factors affecting the volume of cull. Some 
of these factors are species of fungus, prevalence and types of wood-exposing 
lesions, growing site, stand history, and seedling or sprout origin of the host. 
It is emphasized, therefore, that estimates of net volumes on a diameter basis 
are not critical for single trees or for a small number of trees but may be 
applied only to a large sample obtained for each diameter class. 
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Text-F1G. 7, Relationship between diameter breast height outside bark and gross 
volume, decay volume, and net volume in sugar maple in the Ottawa—Huron and Algoma 
Extension Forest region of Ontario. 


in 
SS, > 
tly 
tic 


CANADIAN JOURNAL OF BOTANY. VOL. 32 


TABLE X 


THE RELATION BETWEEN DIAMETER AND PERCENTAGE OF CULL* AND NET VOLUME** IN SUGAR 
MAPLE IN THE OTTAWA-HURON AND ALGOMA EXTENSION FOREST REGION OF ONTARIO 


(Doyle Rule, board feet) 


. Number Average Average 
Diameter Percentage Average 
breast height of — sia — of cull net volume 

7 14 a 2 40.0 3 

8 45 8 2 25.0 6 

9 45 12 4 33.0 8 
10 48 20 6 30.0 14 
11 43 31 10 32.2 21 
12 44 46 15 32.6 31 
13 35 64 22 34.4 42 
14 36 83 30 36.1 53 
15 35 105 40 38.0 65 
16 12 130 32 40.0 78 
17 20 159 65 40.9 94 
18 20 194 81 41.8 113 
19 11 235 100 42.6 135 
20 11 281 121 43.1 | 160 
Zt 8 333 146 43.8 187 
22 3 395 173 43.8 222 
23 3 465 205 44.1 2600 


* Cull is the loss in sound wood owing to decay and to natural defects. 
** Volume in bd. ft. measured between stump height and a maximum top diameter inside 
the bark of 6 in. 
*** Reoression line values. 


There is a general correlation between diameter and the percentage of cull 
(Table X); that is, the percentage of cull increases with diameter. The 
average percentage of cull of 30% at 10 in. increases progressively to 44.1% 
in the 23-in. diameter class. The variation is 6.0% between the diameters 
of 10 to 15 in. and only 4.1% between 16 to 23 in. The percentage of cull 
variation of 11.9% apparent between the diameter limits of 11- and 23-in. 
trees is not great considering the wide spread in diameter. The average 
percentage of cull for this range in diameter is 39.5%. 

In the 7- and 9-in. classes cull appears unduly high. This may be attributed 
partly to the small sample in the initial class and to the fact that smaller trees 
contain logs predominantly with small top diameters. The gross volumes of 
these logs may be entirely culled because of the presence of limited decay and, 
as a result, high volumes of cull will result. 

The discrepancy in decay apparent between the different sample areas has 
been discussed in a previous paper (30). 

Diameter relationships in cubic feet are set forth in Table XI. The average 
gross volume was measured by planimeter from stump height to a top diameter 
of 3 in. Natural defects are not considered and only the actual amount of 
decay is deducted from the gross volume to determine net volume. Thus, the 
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gross and net recoverable volumes possible for fuelwood are indicated. These 
qualifications explain the wide disparity in the percentage of decay tabulated 
for board feet and cubic feet. The percentage of decay was found to vary 
from 5.6% in the 5-in. diameter class to 18.4% at 26 in. The increase in 
diameter is accompanied by a gradual progressive increase in the percentage 
of decay. 


TABLE XI 


THE RELATION BETWEEN DIAMETER AND PERCENTAGE OF DECAY AND NET VOLUME* IN SUGAR 
MAPLE IN THE OTTAWA-HURON AND ALGOMA EXTENSION FOREST REGION OF ONTARIO 


(Planimeter readings, cubic feet) 


Number Average Average 
Diameter Percentage Average 
breast height of chime** of decay net volume 

5 3 3.6 0.2 5.6 3.4 
6 51 4.1 0.3 7.7 3.8 
7 62 5.5 0.4 7.3 5.1 
8 72 7.1 0.5 7.0 6.6 
9 50 9.3 0.6 6.4 8.8 
10 51 12.0 0.7 5.8 11.3 
il 41 15.1 1.0 6.6 | 14.1 
12 45 18.5 1.4 7.6 17.1 
13 35 22.4 1.8 8.0 20.6 
14 36 26.5 | 2.4 9.0 24.1 
15 36 31.4 3.1 9.9 28.3 
16 14 36.5 | 4.0 11.0 | 32.5 
17 22 42.2 | 5.0 11.8 37.2 
18 22 48.6 | 6.2 12.8 | 42.4 
19 15 55.6 7.5 13.5 | 48.1 
20 18 63.6 8.9 14.0 54.7 
21 12 71.7 10.4 14.5 | 61.3 
22 4 79.7 11.9 14.9 67.8 
23 5 38.0 | 13.7 15.6 74.3 
24* — 95.0 | 15.4 16.2 79.6 
25* < 99.5 | 17.2 17.3 82.3 
26 12 103.0 | 19.0 18.4 | 84.0 


* Volume in.cu. ft. measured between stump height and a top diameter inside the bark of 3 in. 
** Regression line values. 


Age Relationships 


Losses in board feet in trees of different ages given in Table XII are derived 
from the regression lines in Text-fig. 8. These results indicate the commercial 
losses of cull on a sawlog basis as measured by the Doyle Rule. Serious losses 
occur in young trees of merchantable size. The percentage of cull averaged 
31.2% in sugar maples between 60 and 100 years old and then increased 
progressively with age. At 320 years 57% of the gross merchantable volume 
was destroyed. 

On the basis of this sample a maximum net periodic increment of 25 bd. ft. 
is reached at 240 years, remains constant until 260 years, and then decreases. 
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TEXxt-FIG. 8. Relationship between age and gross volume, decay volume, and net 
volume in sugar maple in the Ottawa-Huron and Algoma Extension Forest region of 
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TABLE XII 
THE RELATION BETWEEN AVERAGE GROSS VOLUME, AVERAGE CULL VOLUME, PERCENTAGE OF 
CULL, AVERAGE NET VOLUME, NET PERIODIC INCREMENT, AND AGE OF SUGAR MAPLE 
IN THE OTTAWA-HURON AND ALGOMA EXTENSION FOREST REGION OF ONTARIO 


(Doyle Rule, board feet) 


Number | Average Average > . Average 
Age clams | of came | | | | act | 
40 2 10 3 30.0 7 — 
60 48 13 4 30.8 9 2 
80 52 18 6 33.3 12 3 
100 37 27 8 29.6 19 7 
120 48 44 14 31.8 30 11 
140 78 66 23 34.8 43 13 
160 71 95 34 35.8 61 18 
180 45 128 47 36.7 81 20 
200 30 167 63 | 104 23 
220 22 213 85 39.9 128 24 
240 16 265 112 42.3 153 25 
260 3 320 142 44.4 178 25 
280* — 375 180 48.0 195 17 
300 10 435 225 51.7 210 15 
320 11 495 282 57.0 213 3 


* Regression line values. 


This is demonstrated in Text-fig. 9 which compares the gross and net periodic 
increments at 20-year intervals. At the culmination of net growth the gross 
merchantable volume measured 265 to 320 bd. ft. and the net merchantable 
volume 153 to 178 bd. ft. These are average figures based on a limited sample 
of trees, and variations may be anticipated for different localities. Further, 
the results are of general applicability to sugar maples at the time of examina- 
tion and do not depict the condition of a forest stand at a specific period in the 
rotation. Because of mortality losses incurred throughout life the maximum 
net growth of a stand will culminate before that of the individual tree. 
Deductions in board feet were made for the actual dimensions of decay, 
the sound wood rendered unusable because of the proximity of decay, and 
the loss as a result of natural defects such as check, crook, ring shake, and 
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Text-FiG. 9. Gross and net periodic increments in sugar maple of different ages in the 
Ottawa—Huron and Algoma Extension Forest region of Ontario. 


seam. In relating the losses in cubic feet to age only the precise dimensions 
of decay are considered. These losses are enumerated in Table XIII. 

A decay of 7.3% is tabulated for trees in the 60- and 80-year age classes. 
In the subsequent age classes there is a gradual increase in decay until at 
320 years 21.1% of the gross cubic volume is decayed. The net periodic 
increment increases to 300 years and then begins to decrease. As in the 
previous section, the average net increment does not become a negative value 
so that the net volume continues to increase with age. 


Discussion 


Previous utilization practices in the Ottawa—Huron region of Ontario have 
resulted in hardwood forests replacing the original stands of eastern white 
pine. These practices have, in some areas, precipitated situations where 
inferior and defective sugar maples have become established on sites better 
suited to the growth of white pine. There is a question whether inferior stands 
should be managed and utilized or whether they should be replaced by pine. 

It would be desirable to have original white pine sites again supporting 
that species, but many unfavorable factors must be examined before 
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TABLE XIll 


THE RELATION BETWEEN AVERAGE GROSS VOLUME, AVERAGE DECAY VOLUME, PERCENTAGE OF 
DECAY, AVERAGE NET VOLUME, NET PERIODIC INCREMENT, AND AGE OF SUGAR MAPLE 
IN THE OTTAWA-HURON AND ALGOMA EXTENSION FOREST REGION OF ONTARIO 


(Planimeter readings, cubic feet) 


Age class Percentage Average 

trees volume* decay* of decay net volume increment 
40 9 4.5 0.4 8.9 4.1 os 
60 95 6.8 0.5 7.3 6.3 2:2 
80 89 9.6 0.7 1.3 8.9 2.6 
100 57 13.2 1.0 7.6 12.2 3.3 
120 8.2 15.7 3.5 
140 81 | 21.3 1.8 8.4 19.7 4.0 
160 74 | 26.7 2.3 8.6 24.4 4.7 
180 48 32.5 29 8.9 29.6 $.2 
200 33 39.0 3.7 9.5 35.3 i | 
220 23 45.9 S.A 11.1 40.8 a5 
240 16 | $38.8 a 13.4 46.6 5.8 
260 3 62.8 9.8 15.6 53.0 6.4 
280* — 73.6 13.0 | 60.6 7.6 
300 10 86.9 16.8 19.3 70.1 9.5 
320 11 100.5 | 79.3 


* Regression line values. 


conversion is attempted. For example, in planted white pine considerable 
mortality and loss may result from blister rust caused by the fungus Cronartium 
ribicola Fischer, and from the white pine weevil, Pissodes strobi Peck. There 
is the further hazard that fungi occurring in the hardwood environment may 
parasitize the young white pine growth. The initial cost for replacement 
would be enormous and, at the same time, there is no absolute assurance of a 
successful crop. As emphasized by Meinecke (26), the replacement of one 
species with another has been tried repeatedly in Europe, where the practice 
is now thoroughly discredited. The fact that sugar maple is already well 
established in certain areas is an impressive argument for its retention on these 
areas, particularly if good management and regulation practices can be 
instituted to insure profitable crops”. 


10 The author is not taking a stand against conversion but merely indicating some factors that 
must be carefully evaluated before proceeding to alter the forest composition. 
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The incidence, volume, and percentage of decay increase progressively with 
increasing age and diameter. However, important differences in decay occur 
between stands of the same age, depending upon the prevalence of lesions, 
stand history, the seedling or sprout origin of trees, and site (30). 


The decay data for sugar maple may be applied to the particular stands 
investigated and,-if a very large number of trees is considered, the average 
figures presented will indicate net volumes. Decay will fluctuate markedly in 
limited areas within a region owing to many factors such as the prevalence of 
various wood-exposing lesions, stand history, and site. These factors would 
preclude a close approximation of decay in local forests based on sampling 
made over an extensive area. However, most of the cull is associated with 
abnormalities such as frost cracks, dead branches, stubs, and scars. These 
external symptoms together with sporophores and other signs serve as reliable 
indicators of cullin sugar maple. Zillgitt and Gevorkiantz (44) have suggested 
a procedure whereby cull in hardwoods in the Lake States may be measured 
by an appraisal of outward symptoms of defect. With the present study as 
a basis, a comparable scheme to suit conditions in Ontario may be devised 
and adapted to measure decay in any particular forest tract of sugar maple 
in this Province. 


The wide disparity in the percentage of cull in board feet and cubic feet 
emphasizes the influence of the product on the degree of cull to be applied to 
a particular stand or woods operation. For example, culling for sawlogs 
involves deductions for actual decay, for wood rendered unusable because of 
the proximity of decay, and for natural defects. Sawlog cull, therefore, will 
be much higher than fuelwood cull where decay is the only deduction made 
and where the degree of utilization is considerably greater. If the objectives 
of utilization include cuttings for both sawlogs and fuelwood, then the proper 
interpretation of cull data is further complicated. 

Various discolorations such as ‘‘mineral stain’”’ and “‘blackheart”’ are common 
in sugar maple. ‘‘Blackheart’’ appears to be correlated to poorly drained 
sites. Several organisms were isolated consistently from this abnormal wood. 
A few of these were wood-rotting fungi but most were Hyphomycetes, 
fungi that are not known to cause the final deterioration of wood. These 
Hyphomycetes are so ubiquitous in sugar maple that a comprehensive study 
should be made to assess their significance and their possible importance in 
the succession of fungi in living trees. 

The macroscopic determination of specific decays in sugar maple is generally 
difficult. The advanced decay of Armillaria mellea, Fomes connatus, Fomes 
agniarius, Ganoderma applanatum, Polyporus glomeratus, and Ustulina vulgaris 
are recognizable frequently by inspection, but it is usually impossible to make 
reliable identifications on the basis of incipient characteristics of decay, so 
that cultural isolations and subsequent microscopic determinations are 
necessary. In addition, complementary tests for pathogenicity should be 
made for fungi which are associated with decay for the first time. This would 
apply to ‘‘new”’ fungi in sugar maple, such as Corticium vellereum and Pholiota 
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spectabilis. Cultural studies, therefore, are prerequisite to the adequate 
appreciation of the significance of the fungi associated with decay; to elucidate 
irregularities in the results of decay investigations; to provide information 
valuable in the estimation of cull in standing trees; and to contribute 
knowledge fundamental to a correct understanding of the nature and spread 
of decay fungi. 
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EXPLANATION OF PLATES 


PLATE I 


Sugar maple logs cut in the vicinity of Thessalon, Ont. 


: Fic. 1. Sound sugar maple logs stored in a mill yard preparatory to manufacture into 
y lumber dimension stock. 
Fic. 2. Sugar maple bolts on the log deck of a Thessalon lumber mill. 
Ss. 
PLATE II 
Armillaria mellea 
Fic. 1. Numerous rhizomorphs, a characteristic diagnostic feature for A. mellea. The 
ke, shoestring-like structures are composed of an outer layer of dark brown to black com- 
pressed fungus tissue encircling a central core of hyaline hyphae arranged in longitudinal 
rows. When broken the core is white in color. On the basis of this character the disease ‘ 
7. is known as the “shoestring root rot’’. 
Fic. 2. An overmature sugar maple butt-rotted by A. mellea. A complete breakdown 
Kk. of the heartwood has occurred with the decay established and invading portions of the 
sapwood. 
cs 
0. PLATE III 
5. Armillaria mellea 


Cross sectional views showing the progress of decay of A. mellea in a sugar maple 
i. estimated to be 325 years old with a diameter at breast height of 26 in. In large maples, 
a common feature of this decay is the complete deterioration of the heartwood at the base 
st of the tree. The advanced decay is white-flaky, fibrous to stringy, with a few black zone 
lines. The incipient decay discolors the wood a deep brown. 
is Fic. 1. The advanced decay at 1.5 ft. from ground level. The heartwood is com- 
pletely broken down leaving a large cavity. The surrounding decayed wood is white and 
le flaky with black zone lines. 

Fic. 2. The appearance of advanced decay at a height of 8 ft. showing the fibrous and 
stringy nature of the rot. Rhizomorphs are numerous. 

Fic. 3. At 12 ft. the decay is still visible. In this incipient stage the wood is firm but 
discolored a deep brown. ‘The conical tip of the rot was determined at 14 ft. 


PLATE IV 
t. Fomes connatus 
d Fic. 1. A cluster of the perennial, convex to ungulate sporophores showing the moss 
and algal growth which characteristically covers the surface. The top is whitish varying 
ts to a light yellow. The pore surface is white. Young sporophores are soft and watery but 
‘ with age become corky. 
Fic. 2. Fructifications at the base of a large sugar maple. The basal skidding scar 
1e provided the avenue of entrance for the fungus. 
Fic. 3. White, resupinate sporophores fruiting in a hollow of the decayed heartwood. 
1s Fics. 4-6. <A typical infection of F. connatus. Fig. 5 shows the advanced decay in 
association with a single sporophore at the court of infection. This section was made at 
e. 3 ft. from ground level. Limited decay is apparent at 1 ft. (Fig. 4) and at 5 ft. (Fig. 6). 
The rot is soft and watery and invariably the wood breaks down completely to form a 
re cavity in the original area of infection. Delicate, white mycelial fans are sometimes 
t. apparent in the decay. 
t. 
1 PLATE V 


Fomes igniarius and Ganoderma applanatum 

Fic. 1. A typical, ungulate sporophore of F. igniarius fruiting on a living sugar maple 
at 4 ft. from ground level. The dark-gray to black rimose upper surface is distinctive and 

readily facilites the recognition of this fungus in the field. 
he Fic. 2. The tree in Fig. 1 sectioned directly below the sporophore to show the associa- 
id tion with the white rot. The decay is white to yellow, soft-corky to friable, with numerous 
fine black zone lines throughout. Macroscopically the decay is comparable to that 

caused by Ustulina vulgaris. te 
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Fic. 3. A typical, shelflike fructification of G. applanatum growing from the base of a 
living tree. The hard, perennial sporophores have a smooth, zoned, gray to gray-black 
upper surface. Frequently, however, the surface may be a light-brown to rust-brown 
color as a result of profuse spore discharge. The under surface is milk-white but turns 
brown immediately when bruised. 

Fic. 4. The sporophore in Fig. 3 showing the association with the white, spongy 
advanced butt rot. The heartwood is completely deteriorated and the decay has 
encroached on the sapwood. Note the dark line delimiting the heart-rot. In cross 
section the mycelial felts follows the medullary rays irregularly. In longitudinal view 
the decay is white-mottled, somewhat resembling the rot of Polyporus glomeratus. 


PLATE VI 
Fomes fomentarius and Polyporus hirsutus 


Fic. 1. Fomes fomentarius. A typical woody, ungulate sporophore fruiting on a dead 
sugar maple. The upper surface is glabrous and a gray or dark gray to brownish. Fruit- 
ing is frequent on dead hardwoods but rate on the living tree. Only two living sugar 
maples were noted to bear sporophores. 

Fic. 2. Sporophores of F. fomentarius fruiting in an open frost crack in association 
with sapwood decay. The rot is a mottled white to light yellow with few zonation lines. 
At the time of felling the maple was living and exhibited a full crown. The heartwood 
cavity is attributed to Armillaria mellea. Although F. fomentarius may decay both the 
sapwood and heartwood of dead sugar maples only the sapwood of living trees was 
observed to be attacked by this fungus. 

Fic. 3. Polyporus hirsutus. Upper and pore surface views of typical fruit bodies. The 
upper part is gray to brownish, hirsute, and zonate. The pore surface is a smoky color 
blending to a lighter white towards the margin. 

Fic. 4. White spongy decay established in the sapwood and extending into the heart- 
wood of a living sugar maple. This decay is tentatively associated with the Polyporus 
‘‘complex”’ pending satisfactory cultural criteria to distinguish Polyporus hirsutus, P. 
pubescens, P. versicolor, and P. zonatus. 


PLATE VII 
Hydnum septentrionale 

Fic. 1. Two imbricate clusters of sessile sporophores growing on a snag of sugar maple. 
(Note the two single fruit bodies of Ganoderma applanatum.) The annual fleshy shelflike 
sporophores are creamy-white with the upper surface somewhat fibrous and pubescent. 
The hymenial surface is borne on milk-white spines that average 6 to 19 mm. in length. 

Fic. 2. A fruit cluster originating from the decayed heartwood at the end of a sugar 
maple log. The sporophores developed to maturity 24 days following the felling and 
sectioning of the tree. 

Fic. 3. Sporophores fruiting in a frost crack. The frost crack extended from ground 
level to a height of 40 ft. 

Fic. 4. The tree pictured in Fig. 3 sectioned at 8 ft. The heartwood is decayed to a 
white, spongy condition. This advanced rot is characterized further by white mycelial 
felts (Fig. 6), small dark-brown to black oblong to circular flecks, and by fine, black zone 
lines that outline the walls of the vessel segments. The incipient stage may be a tan to 
amber color but usually is indistinct in the dark heartwood. 

Fic. 5. The same tree sectioned at 16 ft. to show the progress of the decay. 


Fic. 6. A longitudinal section split along the frost crack shown in Figs. 3, 4, and 5. 
Note the white mycelial felts. The white felts measured up to 7 mm. in thickness. 


PLATE VIII 


Corticium vellereum, Pholiota adiposa, and Pholiota spectabilis 
Fic. 1. The resupinate fructifications of C. vellereum on the bark of sugar maple. The 
sporophores were not observed on the living tree but were collected on bark and wood 
fragments and on old logs. The hymenial surface is smooth when fresh and may be white, 
cream, to buff colored. 
Fic. 2. Cross sectional view of heartwood decay from which C. vellereum was isolated. 
Fic. 3. Young sporophores of P. adiposa originating from heartwood decay in a log 
of sugar maple. 
Fic. 4. Decay of the heartwood associated with P. spectabilis. 
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PLATE IX 


Pleurotus ulmarius 


Fic. 1. A group of the mushroom sporophores at the end of a sugar maple log. The 
incipient decay darkens the normal heartwood. In the advanced stage the rot is brown 
laminated and stringy. 

Fic. 2. A close-up of the fleshy annual sporophores in Fig. 1. The upper surface is 
yoga and white to pale yellow. Note the white gills and the excentric attachment of 
the stalks. 


PLATE X 
Polyporus adustus 


Fic. 1. An imbricate cluster of sporophores of Polyporus adustus. The fungus grows 
on old logs or snags. The upper surface of the fruit bodies is tan to white and minutely 
tomentose. The pore surface is usually smoky colored to black. One infection of the 
heartwood and one infection of the sapwood were attributed to this fungus. A white 
mottled decay results. 


PLATE XI 
Polyporus glomeratus 
Fic. 1. Cross-sectional view of white spongy rot associated with P. glomeratus. At 
the surface of the wound the rot appears darker extending into the heartwood. This 
darker coloration is composed of yellow-brown granular fungus material typical of the 
species. Note the white mycelium following the direction of the wood rays and filling 
the checks. When the decay has not advanced to the final stages of rot the wood may 
be light and flaky. In the region of advanced decay white felts may occur between 
the bark and wood. 


Fic. 2. A longitudinal section showing the characteristic white mottled appearance of 
decay. In the advanced decay this mottling may be yellow in color. The early stage 
of decay converts the normal light brown to violaceous heartwood to a slightly darker 
brown. 

Fic. 3. Aswollen branch knob indicating internal decay. This feature cannot always 
be used as an entirely positive sign of rot since swollen stubs may occur on decay-free trees. 

Fic. 4. Decay and canker caused by P. glomeratus predisposed this sugar maple to 
wind-breakage. 


PLATE XII 


Polyporus resinosus and Stereum murrati 


Fic. 1. A sporophore of P. resinosus’showing the upper surface glabrous and a 
cinnamon brown to dark brown. Single or imbricate clusters of the fruit bodies are 
common on old stumps and logs of sugar maple. One infection of white decay was 
recorded in a living maple. 

Fic. 2. A resupinate sporophore of S. murraii collected on decayed maple slash. The 
hymenial surface is uneven, cracked, and white to dirty-white in color. The limited 
pileus is brown to black, zonate with a hard to corky texture. One trunk infecton 
characterized by a canker and limited decay was attributed to this fungus. 


PLATE XIII 
Ustulina vulgaris 

Fic. 1. A close up view of the perfect reproductive structures of Ustulina vulgaris, an 
ascomycete, associated with a butt and trunk decay of the heartwood of living sugar 
maples in Ontario. 

The fruit bodies, photographed at the base of a mature maple, resemble charred wood. 
They occur as stromatic, carbonaceous crusts. Note the white dots which indicate the 
position of the ostioles of the embedded perithecia. 


PLATE XIV 
Ustulina vulgaris 


Fic. 1. Typical butt decay at a height of 1 ft. from ground level. The heartwood is 
reduced to a white, bleached rot interrupted with numerous, irregular, carbonaceous 
zonation lines. This rot is similar to that of Fomesigniarius. The latter decay, however, 
is more friable in texture. For example, when cut with a power saw, the rot of U. vulgaris 
remains firm whereas that of F. igniarius is friable and roughened. 


Fic. 2. The decay at 4 ft. from ground level. 
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Fic. 3. The decay at 6.5 ft. from ground level. 


Fic. 4. The decay at 8ft. Note that the zonation lines are most profuse at the basal 
point of infection and progressively less as decay proceeds up the tree. 


PLATE XV 


Miscellaneous decay fungi occurring on sugar maple in Ontario 


Fic. 1. Polyporus versicolor. Sporophores on the end of a log of an overmature sugar 
maple. Both the heartwood and sapwood are affected. The small, leathery fruit bodies 
have a velvety surface zonate in various colors, with a white to cream pore surface. 

Fic. 2. Schizophyllum commune. Numerous fan-shaped fruit bodies indicating 
superficial pale-mottled decay of sugar maple bolts on a logging skid-road. The sporo- 
phores are small, usually no more than 12 mm. in width, with a gray-white upper surface. 
The gills are a dull brown. One infection of the sapwood of a living tree was noted. 


Fic. 3. Hericium laciniatum. The soft, fleshy, white, and intricately branched 
sporophores growing from an old log of sugar maple. One infection entering through a 
falling tree scar was associated with a very limited decay of the heartwood of a living 
sugar maple. 

Fics. 4-5. Pleurotus ostreatus. Specimens of the “oyster mushroom”’ fruiting on 
maple stems. This fungus was associated with a limited white flaky rot of the sapwood 
of living trees. The annual fruit-body is fleshy with a smooth white to gray upper 
surface. The lower surface is characterized by white decurrent gills. : 

Fic. 6. Polyporus tulipiferae. White, resupinate sporophores on a twig of sugar 
maple. The pileus also may be effused-reflexed, thin, and leathery. 

Fic. 7. Daedalea unicolor. Sessile and effused-reflexed sporophores on a dead sugar 
maple sapling. This fungus was not recorded on the sample trees but was observed in 

association with a canker and decay of saplings. 


PLATE XVI 
Miscellaneous fungi on sugar maple 

Fic. 1. Stereum fasciatum. ‘This fungus was not associated with heart rot in living 
trees but occurs commonly on slash and appears significant in the decay of maple wood 
on the forest floor. The sporophore may be sessile or effused-reflexed. Note the smooth 
hymenial surface which is typically a pale tan color. The surface is somewhat zonate and 
tomentose and light to dark gray to green. 

Fic. 2. Lenszites betulina. This organism was associated with a brown cubical decay 
of maple slash. The leathery, sessile or effused-reflexed fruit bodies have a zonate, 
tomentose, gray to brown surface. Lower Fig. 2 illustrates the lamellae or gills which are 
whitish and arranged about one millimeter apart. 

Fic. 3. Hymenochaete tabacina. Observed to occur commonly on dead sugar maples, 
this fungus, however, was associated with a limited stain of the heartwood in one of the 
living sample trees. Hymenochaete tabacina fruits very frequently on young maples that 
appear to have been recently killed. It is possible that the fungus may be parasitic on 
young stems. : 


On maple the sporophores may be entirely resupinate but generally occur effused- 
reflexed as pictures in Fig. 3. They are a distinctive cinnamon-brown with the hymenium 
characterized by dark-brown protruding spines (setae) easily visible with a pocket lens. 


PLATE XVII 


Infection courts of the fungi associated with decay in sugar maple 

Fic. 1. Frost crack. Sporophores of Hydnum septentrionale fruiting in a frost crack 
close to the center of infection. 

Fic. 2. Trunk scar. Establishment of decay of Fomes connatus in a trunk scar. 

Fic. 3. Branchstub. Trunk decay of F. connatus as a result of a branch stub infection. 

as Basal scar. A basal scar providing a point of entry for spores of Ustulina 
vulgaris. 

Fic. 5. Trunk scar. Trunk decay in an old tree scar distorted by the cankerous 
action of Ustulina vulgaris. 


Fic. 6. Branch stub. A branch stub as a suitable substrate for infection. Note the 
zonation lines typical of decay caused by Fomes igniarius. Three young sporophores 
located at the base of the branch are not visible in this figure. 
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STUDIES OF CANADIAN THELEPHORACEAE 
XI. CONIDIUM PRODUCTION IN THE THELEPHORACEAE! 


By Mary BARBARA MAXWELL? 


Abstract 


Four species of the Thelephoraceae, Stereum sulcatum Burt, Vararia granulosa 
(Pers. ex Fries) Laurila, Corticium furfuraceum Bres., and Trechispora raduloides 
(Karst.) Rog. have been found to produce conidia on both simple-septate, 
haploid mycelia and clamp-bearing dicaryotic mycelia. The conidia of the first 
three species are borne on oedocephaloid conidiophores while those of the fourth 
are formed sympodially. In all four species, the conidia, whether produced on 
haploid or dicaryotic mycelia, are uninucleate and each germinates to give a 
simple-septate, haploid mycelium. Interfertility tests were undertaken with 
monosporous cultures derived from the germination of single conidia or of single 
basidiospores. By pairing single basidiospore cultures from an individual fruit 
body of both Stereum sulcatum and Vararia granulosa, it was shown that these 
species exhibit a bipolar type of interfertility. For each of the species under 
investigation, complete interfertility was obtained in pairings between single 
conidium cultures from different isolates of the same species. A series of single 
conidium cultures for each species, derived from conidia borne on a dicaryotic 
mycelium, when paired in all possible combinations, fell into two groups on the 
basis of their ability to produce clamp connections. In S. sulcatum, members 
of each group of single conidium cultures were interfertile with one or other of 
the two types of single basidiospore cultures from the same isolate. Cytological 
studies show that there is no fusion of nuclei prior to conidium formation on the 
dicaryotic mycelium. Instead, the two nuclei of the dicaryon divide separately 
to produce approximately equal numbers of each type of nucleus, one of which 
enters each conidium. As indicated by the interfertility tests, the conidia 
therefore contain nuclei of two reaction types which are identical ‘with those of 
the two nuclei of the dicaryon and also with those of the nuclei of the parent 
basidiospores. 


Introduction 


Recent cultural studies in the Hymenomycetes have revealed that many of 
these fungi produce secondary reproductive bodies in culture. This suggests 
that the value of such forms of reproduction in the propagation of these fungi 
under natural conditions may be of more importance than has been recognized. 
Reproductive structures including those described as conidia, oidia, 
chlamydospores, bulbils, and sclerotia have been reported among species of 
Hymenomycetes. In the present paper, oidia have been described as thin- 
walled, rod-shaped spores formed in chains by the fragmentation of the parent 
hypha; chlamydospores as thick-walled, swollen bodies formed endogenously 
as a result of the accumulation of the cytoplasm of a single cell at a specific 
point; and conidia as all secondary spores produced exogenously, usually on 
specialized conidiophores. Bulbils and sclerotia differ from these spore forms 
in that they are produced from compacted masses of hyphae, bulbils having 
their origin in a single parent hypha while sclerotia are composed of many. 

1 Manuscript received September 24, 1953. 

Joint contribution from the Botany and Plant Pathology Division, Science Service, Depart- 
ment of Agriculture, Ottawa, Canada (Contribution No. 1319) and the Department of Botany, 
University of Toronto, Toronto, Ontario. Based on a thesis presented in May 1952, to the 
University of Toronto in partial fulfillment of the requirements for the degree of Master of Arts. 

Previous numbers in this series were published in Can. J. Research, C, 26 : 129-139; 
143-157. 1948; in C, 27 : 147-156; 241-252. 1949; in C, 28 : 63-77; 525-534; 716-725. 1950; 


and in Can. J. Botany, 29 : 279-296. 1951; 30 : 764-787. 1952; 31 : 760-778. 1953. 
2 Assistant Mycologist, Ottawa, Ontario. 
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All secondary reproductive bodies which have been reported among species of 
Hymenomycetes fall into one or other of these categories according to their 
method of formation. 

Since authentic reports of secondary reproduction in species of Hymeno- 
mycetes have been based usually on cultural studies and only rarely on 
examination of the sporophores, it has been assumed that the imperfect states 
of these species are of slight consequence under natural conditions. However, 
the lack of data regarding their production in nature may be due to the 
inconspicuous and evanescent nature of the mycelium on which they are 
borne. It is probable that, since the imperfect states have been found to 
constitute a normal part of the life cycles of these fungi in culture, they also 
occur under natural conditions. 


Review of Literature 


SECONDARY REPRODUCTION IN THE HYMENOMYCETES 


Oidia are the most common type of secondary reproductive agent reported 
in the Hymenomycetes. They are especially abundant in species of Agari- 
caceae and occur to a considerable extent in the Polyporaceae. Many 
heterothallic species have been found to produce oidia in cultures derived 
from the germination of single basidiospores (5). The ability of these oidia 
to act as diploidizing agents undoubtedly provides them with an important 
function in propagation. However, few accounts of their occurrence under 
natural conditions have been recorded as yet. Although reported less 
frequently than oidia among species of Hymenomycetes, chlamydospores have 
been found in cultures of many species of Thelephoraceae and Polyporaceae. 
In these families they reach their highest degree of specialization under 
natural conditions, often, unlike the other secondary spore forms, producing 
conspicuous fructifications. Authentic reports of the occurrence of conidia 
have been given for only a few species of Hymenomycetes and are based 
almost completely on cultural studies. Species of Thelephoraceae reported 
as producing conidia are discussed in the following section. Accounts of 
bulbils and sclerotia in the Hymenomycetes are rare and are almost completely 
confined to a few species of Thelephoraceae. Chlamydospores, bulbils, and 
sclerotia, because of their resistant qualities, may serve under natural 
con“itions to carry the fungus through periods unfavorable for growth. 


CONIDIUM PRODUCTION IN THE THELEPHORACEAE 


Conidia produced on oedocephaloid conidiophores have been reported most 
commonly in the Thelephoraceae. This type of conidiophore has been 
described for only one species of Hymenomycete outside of this family, 
namely, Fomes (Heterobasidion) annosus (Fries) Cooke of the Polyporaceae (4). 
Species of Thelephoraceae which produce conidia in this manner are listed in 
the introductory portion of the text, together with the corresponding references 
to the literature. 
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In addition to the production of conidia on oedocephaloid heads, several 
other methods of conidium formation of less frequent occurrence have been 
reported among species of Thelephoraceae. Conidia produced on sterigmata 
arising directly from cells of the vegetative mycelium have been described by 
Lyman (14) and by Nobles (20) for cultures of Corticium roseo-pallens Burt 
(= C. incrustans Héhn. & Litsch. (25) ). Biggs (2) reported that mono- 
sporous cultures of her Group III of C. coronilla Héhn. (= Trechispora 
brinkmanni (Bres.) Rog. & Jacks. (25) ) produce conidia in sympodial clusters 
on blunt branches of hyphalike conidiophores. Similar conidia were described 
by Lyman (14) as occurring also in polysporous cultures isolated from a 
sporophore identified as Corticitum alutaceum (Schrad.) Bres. which was later 
proved by Biggs (2) to be identical with her C. coronilla Group III above. 
Two polysporous cultures of Trechispora brinkmanni which presumably belong 
to Biggs’ Group III were found by the writer to produce conidia in the same 
manner.* No conidia were found in several other isolates of this species 
which were examined.** Although these spores were referred to by Biggs as 
oidia, the writer agrees with Lyman that they are more like conidia in their 
method of formation. No structures resembling the peculiar fusoid bodies, 
possibly functioning as conidia, which were observed by Rogers (26) in 
association with one fruit body of T. brinkmanni have been found in culture. 
Previous reports of conidia for this species by von Héhnel and Litschauer (10) 
and by Dodge (9) are doubtful. von Héhnel appears to have based his on a 
contaminant and Dodge, who referred to the fungus as Peniophora coronilla, 
on a misinterpretation of the eight-spored basidium of this species. Conidium 
formation similar to that of Trechispora brinkmanni is described herein for 
T. raduloides (Karst.) Rog. 

The reports of conidia in species of Thelephoraceae outlined above are based 
on cultural studies but Linder (13) reported the occurrence in nature of two 
conidium states belonging to the genus Oidium, each in association with a 
species of Pellicularia. He was successful in tracing the connection, micro- 
scopically, between the hyphae of the conidiophores of Oidium candicans 
(Sacc.) Linder and O. curtisii (Berk.) Linder and the basidia of Pellicularia 
pruinata (Bres.) Rog. (syn. Botryobasidium coronatum (Schroet.) Donk) and 
P. vaga (Berk. & Curt.) Rog. (syn. B. vagum (Berk. & Curt.) Rog.) respectively. 
These observations have been confirmed recently by Rogers (24) and again for 
P. pruinata by Hughes (11). Another species of Oidium, O. conspersum (Lk.) 

* Cultures examined are in the culture collection, Botany and Plant Pathology Division, 

Science Service, Department of Agriculture, Ottawa (DAOM) or in the University of 

Toronto culture collection (TRT), under the following numbers: 


DAOM 22854 — polysporous culture from fruit body on Salix sp., Ont. 
22855 — polysporous culture from fruit body on Betula sp., Ont. 


** DAOM 10043 — culture from rot in Betula papyrifera, N.B. 

16681 — culture from rot in Thuja plicata, B.C. 
22815 — polysporous culture from fruit body on Pinus strobus, Ont. 
22816 — polysporous culture from fruit body on Alnus sp., Ont. 

TRT 21039 —- polysporous culture from fruit body on Populus sp., Ont. 
21055 — culture from decayed wood. 
21558 — polysporous culture from fruit body on Populus sp., Ont. 
21313 — polysporous culture from fruit body on deciduous wood, Ont. 
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Linder has been connected tentatively by Linder (13) with Peniophora 
fusispora Pat. However, although the conidiophores were traced into the 
hymenium, they were not traced directly to the basidia. Previous reports by 
Brefeld (4) of Botrytis conidium states, B. argillaceae Cooke and B. gemella 
Sacc. for Tomentella flava Bref. (= Pellicularia isabellina (Fries) Rog. (24) ) 
and T. granulata Bref. (= ? Pellicularia pruinata (24) ) respectively, have not 
been confirmed and are probably not correct. Unfortunately, species of 
Pellicularia cannot be cultured so the authenticity of these reports cannot be 
corroborated by cultural investigations. 


Other reports of conidia in species of Thelephoraceae have proved to be 
invalid in the light of present knowledge. The condidia of Corticium salmoni- 
color Berk. & Br. described by Massee (16) under the name Necator decretus 
Massee, have been shown by Brooks and Sharples (6) to be more like cells of 
“sclerotial aggregates’; and those of Peniophora candida Pers., reported by 
Lyman (14) under the name Aegerita candida Pers., have been interpreted as 
bulbils by later authors (1, 3,9). Similarly, the spores described by Petch (23) 
for Peniophora habgallae (Berk. & Br.) Cooke, under the name Artocreas 
poroniaeforme Berk. & Br., and interpreted by him as conidia, are more like 
chlamydospores. This same conclusion was reached by Lyman (14) for the 
spores of Artocreas micheneri Berk. & Curt., the imperfect state of Corticium 
subgiganteum Berk. (= Aleurodiscus subgiganteus (Berk.) Hohn. (25) ). 
Likewise, the structures described by Shear and Davidson (27) as conidia of 
Corticium conigenum Shear and Davidson, appear to be typical chlamydospores 
according to their method of formation in a culture of this species examined 
by the writer.t 


Conidia reported as occurring in the sporophores of some species of 
Thelephoraceae frequently have proved to be sterile organs in the hymenium 
or products of conditions unfavorable for growth. According to Lyman (14), 
the conidia described by various authors for several species of Aleurodiscus 
are, in reality, the nodules of the moniliform paraphyses of these species and 
those reported for Stereum hirsutum (Willd.) Fries and Solenia anomala (Pers.) 
Fuckel have been interpreted by him as ‘‘wet weather spores” resulting from 
excessive dampness. These reports have not been verified by cultural studies 
nor are they common enough to allow the conidia to be regarded as a normal 
part of the life cycle of the fungi involved. No cultures of Stereum hirsutum* 
or of Solenia anomala** examined by the writer were found to produce conidia. 


¢ Culture No. 66211, Division of Forest Pathology, Bureau of Plant Industry, United States 
Department of Agriculture, Beltsville, Md., sent by R. W. Davidson to the Department of 
Botany, University of Toronto (= DAOM 22859). 


*DAOM 9282 — polysporous culture from fruit body on Alnus sp., B.C. 
11788 — polysporous culture from fruit body on hardwood, Que. 
21126 — polysporous culture from fruit body on Acer sp., Ont. 
21141 — polysporous culture from fruit body on Betula sp., Ont. 
22297 — polysporous culture from fruit body on Alnus sp., B.C. 
22597 — tissue culture from fruit body, England. 
22795 — culture from fruit body, Washington. 
22796 — culture from fruit body, Washington. 


** DAOM 17731 - polysporous culture from fruit body on Acer sp., Ont. 


i 
x 


»phora 
o the 
rts by 
emella 
(24) ) 
ve not 
ies of 
lot be 


to be 
mont- 
cretus 
lls of 
od by 
ed as 
1 (23) 
creas 
e like 
r the 
25) ). 
lia of 
pores 
ined 


of 
nium 
(14), 
1SCUS 
and 
ers.) 
from 
idies 
rmal 
tum* 
idia. 
states 
nt of 


MAXWELL: CANADIAN THELEPHORACEAE. XI. 263 


As mentioned previously, Lyman’s (14) description of conidia for Corticitum 
alutaceum was based on a specimen which was shown by Biggs (2) to belong 
to her Group III of C. coronilla (= Trechispora brinkmanni (25) ). Therefore, 
reports of conidia for C. alutaceum as well as for C. radiosum Fries (syn. 
C. alutaceum (7) ) cannot be considered as valid. LLyman’s descriptions and 
illustrations correspond exactly with those given by Biggs for C. coronilla and 
Rogers (26) has assigned C. alutaceum sensu Lyman to synonymy with 
Trechispora brinkmanni. Corticium radiosum has not been found to produce 
conidia either in cultures or in association with the sporophores. 


Materials and Methods 


Data concerning the sources of cultures examined are presented in Table I. 
The cultures are deposited in the culture collection at the Botany and Plant 
Pathology Division, Department of Agriculture, Ottawa, and the fruit bodies 
of those obtained from spore deposits in the Mycological Herbarium, Depart- 
ment of Agriculture, Ottawa (DAOM), with some duplicates in the University 
of Toronto Herbarium (TRT). The abbreviations are those proposed by 
Lanjouw and Stafleu (12). 

Cultures for examination were grown in Petri dishes in the dark on 1.25% 
Difco malt agar. Macroscopic observations were made at weekly intervals 
for six weeks and the descriptions compiled at the end of this period. The 
descriptive terms used are in conformity with those adopted by Nobles (22) 
in her key for the identification of cultures of wood-rotting fungi and color 
notations are based on Munsell’s Book of Color (17). Microscopic examina- 
tions were made at convenient intervals during the six weeks of observation. 
Mounts in phloxine and 7% potassium hydroxide solution were most satis- 
factory and drawings were made with the aid of a camera lucida. For 
additional diagnostic information, the fungi were grown on gallic and tannic 
acid agars prepared according to the method described by Davidson, Campbell, 
and Blaisdell (8) and the results interpreted according to their findings. 

To obtain monosporous cultures, single germinated basidiospores or conidia 
were transferred to tubes of malt agar from dilution plates prepared by 
spreading a suspension of the spores over the surface of a thin layer of malt 
agar in a Petri dish. The basidiospores and the conidia used for suspensions 
were obtained from spore deposits and from the surface of diploid cultures 
respectively by means of a loop containing sterile water. Pairings between 
monosporous cultures were made on slants of malt agar in test tubes and the 
results recorded in tabular form as in Text-figs. 1 to 14, the presence of clamps 
being denoted by a plus (+) and their absence by a minus (—). 

Conidia, germinating conidia, and conidiophores in various stages of develop- 
ment were prepared for staining on square 2 cm. cover slips. The conidia 
were transferred directly from the surface of dicaryotic cultures in a loop of 
sterile water. Stages in germination were obtained by growing the conidia 
in a drop of sterile 2% malt solution on a cover slip inverted over a van 
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LisT OF CULTURES EXAMINED AND THEIR SOURCES 


TABLE I 


Collection No. 
Fungus Source of culture Host Locality 
DAOM TRT 
Stereum sulcatum 16563 Spores from fruit body| Abies lasiocarpa Prince George, B.C. 
(polysporous and 
monosporous) 
21730 Advanced brown Abies sp. Revelstoke, B.C. 
cubical decay 
16619 Spores from fruit body} Picea glauca Aleza Lake, B.C. 
(polysporous) 
21504 Butt rot Picea glauca Prince George, B.C. 
21048 Pitted rot in roots Picea glauca Prince George, B.C. 
21068 Rot in wood Picea glauca Prince George, B.C. 
21503 White rot in wood Picea glauca Kamloops district, B.C. 
Vararia granulosa 16567 Spores from fruit body| Picea glauca Prince George B.C. 
(polysporous) 
21808 Spores from fruit body| Picea glauca Six-mile Lake, B.C. 
(polysporous and 
monosporous) 
22817 21061 | Spores from fruit body| Abies sp. Lake Timagami, Ont. 
(polyspor ous) 
Corticium furfuraceum 21137 Spores from fruit body} Pinus strobus Barry's Bay, Ont. 
(polysporous) 
21143 Spores from fruit body| Pinus strobus Barry's Bay, Ont. 
(polysporous) 
Trechispora raduloides 17053 Rot in wood Tsuga heterophylla | Alberni, B.C. 
22271 Spores from fruit body| Populus trichocarpa| Cinema, B.C. 
(polysporous) 
17144 21024 | Spores from fruit body| Populus sp. Richmond Hill, Ont. 
(polysporous) 
17146 21193 | Spores from fruit body} Populus sp. Richmond Hill, Ont. 
(polysporous) 
17145 21171 | Spores from fruit body} Coniferous log Lake Timagami, Ont. 
(polysporous) 
10281 Rot Picea mariana Caousacouta, 
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Tieghem cell. To prevent contamination and drying of the drop, the cover 
slip was fastened to the cell and the cell to a microscope slide with vaseline. 
When necessary, more solution was added by means of a sterile loop. Conidio- 
phores in various stages of development were obtained in the same manner 
by transferring a minute portion of the dicaryotic mycelium to the hanging 
drop. In this way, the material could be examined daily under the low power 
objective of the compound microscope until the required stage for killing and 
staining had been reached. 

All material was fixed and stained on the same cover slip on which it was 
prepared. For fixing, a drop of Randolph’s modification of Navaschin’s 
fixative was added to the material and allowed to dry thoroughly. Crystal 
violet stain was used according to Newton’s method (18), with dioxan 
substituted for xylol, and fast green (0.1% in 95% alcohol) as a counterstain 
added to the schedule after the first alcohol rinse. Although the crystal violet 
apparently stained only the nucleoli, it was effective in demonstrating the 
number and position of the nuclei; details of nuclear structure were not 
required for the study. 


Cultural, Interfertility, and Cytological Studies 


Detailed cultural, interfertility, and cytological studies have been under- 
taken with four species of the Thelephoraceae that produce conidia in culture. 
Of these, three species, Stereum sulcatum Burt, Vararia granulosa (Pers. ex 
Fries) Laurila, and Corticium furfuraceum Bres., bear conidia on oedocephaloid 
conidiophores similar to those described for Corticitum effuscatum Cooke & 
Ellis (= Vararia effuscata (Cooke & Ellis) Rog. & Jacks. (25) ) by Nobles (21), 
for Peniophora allescheri (Bres.) Sacc. & Syd. (= P. mutata (Peck) Hohn. & 
Litsch.) by Nobles (19) and by McKeen (15), and for P. heterocystidia Burt 
and P. populnea (Peck) Burt by McKeen (15). The fourth species, Trechi- 
spora raduloides, produces conidia in sympodial clusters on conidiophores 
similar to the oidiophores described by Biggs (2) for Corticitum coronilla 
Group III (= Trechispora brinkmanni). 


Cultural Characters 


The cultural descriptions of the four species under investigation are 
accompanied by key patterns which have been prepared in conformity 
with those used by Nobles and which may be inserted in her key for the 
identification of cultures of wood-rotting fungi (22). 


Stereum sulcatum 
Key Pattern: 2 211 (9,1) 212421 

Cultures derived from the germination of a number of spores grow very 
slowly, reaching a radius of 5—6 cm. in six weeks. The advancing zone is 
hyaline, appressed, even at first, becoming bayed at four weeks with narrow 
bands of translucent growth directed towards the inoculum at the indentations 
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(Figs. 40 to 42). The newest growth is white, raised, and woolly, the fibers 
radiating from the inoculum (Fig. 40). Narrow, translucent zones develop 
at two weeks (Fig. 40) and buff tinges of color, gradually becoming orange— 
brown (10.0YR7/4 to 7.5YR6/6-7/6 to 5.0YR6/6), appear around the 
inoculum after this time. The older part of the mat becomes compact and 
subfelty at four weeks (Fig. 41) while the remainder, with the exception of 
the outer zone, is floccose and somewhat flattened after three weeks (Figs. 41 
and 42) and gradually darkens in color from yellowish to orange—buff (7.5 
YR8/6 to 5.0YR7/6 to 7.5YR7/6). The narrow zones remain thin and 
somewhat farinaceous so that at five weeks the dark orange—buff (7.5YR7/6) 
color of the agar is visible through them. The outer zone is raised, subfelty, 
and white with yellowish (5.0Y9/3-9/4) tinges of color at six weeks. From 
the reverse of the Petri dish, the agar under the mat appears darker at three 
weeks and shows reddish-brown (2.5YR3/6) zones at five weeks. On gallic 
and tannic acid media the diffusion zones are moderately strong to strong. 
There is no growth on gallic acid agar and a colony 1.2—1.7 cm. in diameter 
on tannic acid agar. : 

The hyphae are thin-walled, hyaline at first, staining in phloxine, becoming 
yellowish-brown with oily contents after four weeks, nodose-septate, commonly 
branched at and between the septa, 1.5-4.6u in diameter (Fig. 1). The 
formation of conidiophores begins within a week after plating and continues 
throughout the six weeks of observation. The conidiophores consist of stout, 
clavate swellings, gradually tapering towards the base, formed from a single 
terminal cell, usually subtended by a clamp connection, or by proliferation 
from the subtending clamp or other clamp connections on the same hypha 
(Fig. 2). Occasionally, atypical, sessile conidiophores may be produced 
(Fig. 3). The conidiophores are thin-walled, hyaline at first, staining in 
phloxine, some becoming yellowish-brown after four weeks, 5.6-7.8 in 
diameter at the stoutest portion and up to 17.5 in length when mature, 
with pointed sterigmata, each bearing a conidium, scattered over the surface 
of the swollen head (Figs. 2 and 23 to 28). The conidia are tear-shaped, 
apiculate at one end and rounded at the other, thin-walled, hyaline, staining 
in phloxine, some becoming yellowish-brown at five weeks, the contents 
occasionally guttulate or more often granular, 5.0-10.0 &K 2.5-5.0 (Fig. 4). 
The conidiophores become empty and collapse after the conidia are shed, the 
apices and sterigmata appearing characteristically refractive owing to a 
thickening of the walls (Figs. 5, 26, and 28). Fiber hyphae with thick 
refractive walls are common in cultures two to four weeks old. They are long, 
curving, aseptate, occasionally branched, yellowish after five weeks, 1.2-1.9yu 
in diameter (Fig. 6). Swellings, which appear to be immature cystidia, are 
present in cultures five or more weeks of age. They are thick-walled, with oil 
drops appearing to ooze from minute projections on the walls, becoming 
yellowish, 4.7—5.0y in diameter and up to 16.0y in length (Fig. 7). 

Mycelium derived from the germination of either a single basidiospore or 
of a single conidium is similar in growth characters to mycelium derived from 
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Fics. 1 to 22. Camera lucida drawings of structure present in cultures. 


Fics. 1 to 7. Stereum sulcatum. All X 600. Fig. 1. Hypha from advancing zone. 
Fig. 2. Conidiophores from aerial mycelium. Fig. 3. Atypical sessile 
Fig. 4. Conidia. Fig. 5. Conidiophore with characteristic refractive tip. Fig. 6. 
Fiber hypha. Fig. 7. Cystidium-like structure. 

Fics. 8to11. Vararia granulosa. All X 600. Fig. 8. Hypha from advancing zone. 
Fig. 9. Conidiophores from aerial mycelium. Fig. 10. Conidia. Fig. 11. Chlamydo- 


spores. 

Fics. 12 to 15. Corticium furfuraceum. All X 800. Fig. 12. Hypha from advancing 
zone. Fig. 13. Early stages of formation of conidiophores. Fig. 14. Conidiophores 
from aerial mycelium. Fig. 15. Conidia. 

Fics. 16 to 22. Trechispora raduloides. All X 800 except Fig. 22 x 370. Fig. 16. 
Hypha from advancing zone. Fig. 17. Atypical irregularly swollen conidiophore. Fig. 18. 
Conidiophores from aerial mycelium. Fig. 19. Sympodial cluster of conidia. Fig. 20. 
Fragmented ere hypha with conidiophores almost devoid of conidia. Fig. 21. Conidia. 
Fig. 22. Cells of sclerotium. 
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the germination of a number of spores except that more aerial mycelium is 
produced by the former. This pezhaps accounts for the greater number of 
conidiophores produced by single spore cultures. The microscopic characters 
of these cultures differ from those derived from the germination of a number 
of spores only in that there are no clamp connections at the septa. 


Vararia granulosa 
Key Patrern: 2111911 2 (2,3) 22 


Cultures derived from the germination of a number of spores grow slowly, 
covering the plate in four to five weeks. The advancing zone is even, with 
long, submerged hyphae extending beyond the aerial mycelium (Fig. 43). 
The mat is white, raised, and fine woolly-cottony, becoming thicker around 
the inoculum at two weeks (Fig. 43). Later, the mycelium around the 
inoculum becomes loosely arranged and cottony-floccose giving a raised, 
reticulate appearance in this region at four weeks (Fig. 44). The remainder 
of the mat after two weeks is woolly-farinaceous and flattened (Figs. 44 
and 45). At six weeks, the entire mat is thicker and flattened with narrow, 
translucent radiations of growth from the inoculum (Fig. 45) and frequently 
buff tinges of color around the inoculum. From the reverse of the Petri dish, 
the agar under the mat is slightly darker in color at four weeks, especially 
under the inoculum. On gallic and tannic acid agars the diffusion zones are 
moderately strong to strong and there is a trace of growth on both media. 


The hyphae are thin-walled, hyaline, staining in phloxine, nodose-septate, 
branching at and between the septa, occasionally slightly irregular in shape, 
with oily-granular contents, 1.6-4.7u in diameter (Fig. 8). Conidiophores 
are formed within a week after inoculation of fresh media and continue to 
form during the six weeks of observation, reaching their greatest number in 
cultures two weeks old. They are thin-walled, hyaline, staining in phloxine, 
and arise as terminal swellings of hyphae or of lateral branches. When 
mature, they are characteristically oedocephaloid in shape with the head, 
5.6-7.0u in diameter, borne on a stalk of variable length, and with sharp, 
tapering sterigmata scattered over the distal surface, each sterigma bearing 
a conidium (Figs. 9 and 29 to 31). The conidia are subglobose, apiculate, 
thin-walled, hyaline, staining in phloxine, some becoming slightly guttulate 
at maturity, 1.9-3.7y in diameter (Fig. 10). The conidiophores become 
empty and collapse after the conidia are shed, the apices and _sterigmata 
occasionally developing thick, refractive walls (Fig. 29). Chlamydospores are 


Fics. 23 to 39. Photomicrographs of structures present in cultures. 


Fics. 23 to 28. Stereum sulcatum. Figs. 23 to 25. Conidiophores, X 397. Figs. 26 
to 28. Conidiophores, X 885. 

Fics. 29 to 31. Vararia granulosa. Figs. 29 and 30. Conidiophores, X 397. Fig. 31. 
Conidiophore, X 885. 

Fics. 32 to 34. Corticium furfuraceum. Figs. 32 and 33. Conidiophores, X 397. 
Fig. 34. Conidiophore, X 885. 

Ics. 35 to 39. Trechispora raduloides. Figs. 35 and 36. Conidiophores, X 397. 

Fig. 37. Cells of sclerotium X 397. Figs. 38 and 39. Conidiophores, x 885. 
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Fics. 40 to 51. Polysporous cultures grown on malt agar in the dark. 
Fics. 40 to 42. Stereum sulcatum. Fig. 40. Two weeks old. Fig. 41. 
old. Fig. 42. Six weeks old. 
Fics. 43 to 45. Vararia granulosa. Fig. 43. Two weeks old. Fig. 44. 
old. Fig. 45. Six weeks old. 
Fics. 46 to 48. Corticium furfuraceum. Fig. 46. Two weeks old. Fig. 47. 
weeks old. Fig. 48. Six weeks old. 
Fics. 49 to 51. Trechispora raduloides. Fig. 49. Two weeks old. Fig. 50. Four 
weeks old. Fig. 51. Six weeks old. 
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common in cultures two weeks old and continue to form throughout the period 
of observation. They are swollen, lemon-shaped bodies, formed by the 
rounding up of the cytoplasm of a single cell and eventually cut off from the 
parent cell by simple septa, thin-walled at first, becoming slightly thick-walled 
when mature, hyaline, staining in phloxine, the contents occasionally granular, 
7.8-15.6 X 4.7-7.8 (Fig. 11). 

Single spore cultures, whether derived from the germination of a single 
basidiospore or of a single conidium, occasionally have more plentiful aerial 
mycelium than those derived from the germination of a number of spores but 
are similar in all other macroscopic characters. Microscopically, they differ 
only in that the conidiophores appear to be produced in greater numbers and 
the hyphae have no clamp connections at the septa. 


Corticium furfuraceum 
Key Pattern: 21119212421 


The mycelium derived from the germination of a number of spores grows 
very slowly, attaining a radius of 4-5 cm. in six weeks. The advancing zone 
is hyaline and appressed in a broad zone, even at first but becoming somewhat 
bayed at four weeks (Fig. 47). The mat is white, raised, cottony and thick 
at two weeks with fibers radiating from the inoculum (Fig. 46). Later, the 
outer part becomes furrowed radially (Figs. 47 and 48) and narrow, translucent 
zones develop in this area at six weeks (Fig. 48). After five weeks, yellowish 
(5.0Y9/3-9/4) tinges of color may appear around the inoculum. From the 
reverse of the Petri dish, the agar under the mat is dark yellow (7.5YR7/10 
to 5.0YR6/10) at four weeks and orange-brown (2.5YR3/4-3/6) at five 
weeks. On gallic and tannic acid agars, the diffusion zones are moderately 
strong to strong. Long fibers are present over the inocula on both media. 

The hyphae are thin-walled, hyaline, staining in phloxine, nodose-septate, 
occasionally branched, 1.9-3.5y in diameter (Fig. 12). Conidiophores form 
within a week after transfer of inocula to fresh media and, although they 
continue to develop throughout the six weeks of observation, they are most 
common in cultures two weeks old. They originate as clavate swellings at the 
ends of hyphae or, more frequently, as short, irregularly swollen, lateral 
branches from hyphae which may be closely intertwined to form strands of 
mycelia (Fig. 13). They are thin-walled, hyaline, staining in phloxine, and, 
when mature, consist of a swollen head, 3.2—4.5y in diameter, with slender, 
tapering sterigmata scattered over the distal surface, each sterigma bearing 
a conidium, and a long, tapering stalk up to 24.5 in length (Figs. 14 and 
32 to 34). Occasionally, a subglobose swelling is present at the base of the 
stalk. The conidia are tear-shaped, apiculate at one end and rounded at the 
other, thin-walled, hyaline, staining in phloxine, the contents occasionally 
granular or guttulate at maturity, 4.9-7.0 X 2.7-3.5y (Fig. 15). After the 
conidia are shed, the conidiophores lose their contents and finally collapse. 
Occasionally, the walls of the sterigmata may become thick and refractive, 
especially towards the tips (Fig. 32). 
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The conidiophores of this species are like those described by Biggs (2) for 
Corticium calceum. This confirms the conclusion of Rogers and Jackson (25) 
that C. calceum should be included in C. furfuraceum. 


The macroscopic characters of cultures derived from the germination of a 
single conidium are similar to those described above for cultures derived from 
the germination of a number of spores except for a greater abundance of aerial 
mycelium. Microscopically, they differ only in that the hyphae have no 
clamp connections at the septa. Cultures derived from the germination of 
single basidiospores were not available for this species. 


Trechispora raduloides 
Key Patrern: (1, 2) 1 2 1 (9,2) 2 1 2 (2,3) 2 2 

The mycelium derived from the germination of a number of spores grows 
slowly, covering the plate in four to five weeks. The advancing zone is even, 
narrow, hyaline, and appressed or occasionally with slightly raised aerial 
mycelium to the limit of growth (Fig. 49). The mat at two weeks is white 
and raised, with long, cottony-silky fibers radiating from the inoculum (Fig. 
49), later becoming appressed and thin farinaceous (Figs. 50 and 51). Cottony 
tufts covered with colorless drops of exudate appear, usually at the inoculum, 
after two weeks, and then in thicker zones which develop across the mat, 
especially near the edges of the Petri plates, at four weeks (Figs. 50 and 51). 
These tufts gradually become characteristic, dark brown (7.5YR4/4), 
sclerotium-like bodies which are granular and honeycombed in structure and 
covered with amber drops of exudate (Fig. 51). From the reverse of the 
Petri dish, the agar under the mat remains unchanged. On gallic and tannic 
acid agars, diffusion zones are absent. There is a colony of growth 1.0-2.5 
cm. in diameter on gallic acid agar and none on tannic acid agar. 

The hyphae are thin-walled, hyaline, staining in phloxine, nodose-septate, 
branched at and between the septa, many enlarged or irregularly swollen at 
the septa in cultures three weeks old, 1.6-4.5y in diameter (Fig. 16). Within 
a week after transfer of inocula to fresh media and continuing throughout the 
six weeks of observation, conidiophores develop at the ends of hyphae or, 
more commonly, as lateral branches, frequently from clamp connections 
(Figs. 18, 35, and 36). Although the majority of conidiophores begin to 
produce conidia while still short, others may elongate considerably before 
doing so and, occasionally, conidium formation is interrupted by an elongation 
of the conidiophore which, in some cases, may become irregularly swollen and 
atypical (Fig. 17). The conidia are produced successively in sympodial 
clusters (Figs. 19 and 39) as a result of proliferation of the conidiophore below 
each conidium after it is formed to produce a blunt projection on which another 
conidium is borne, each new conidium assuming a terminal position so that 
the others appear to have arisen laterally (Figs. 18, 35, 36, and 38). Develop- 
ment continues in this fashion until the conidiophore has exhausted its 
possibilities, the oldest conidia being cut off at the base of the conidiophore 
while others are continually forming at the tip. The parent hypha may 
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break apart after the conidia have been formed (Fig. 20). The conidiophores 
are thin-walled, hyaline, staining in phloxine, the contents somewhat granular 
at five weeks, no broader than ordinary hyphae, variable in length, occasion- 
ally simple-septate, and recognizable, even after the conidia are detached, by 
reason of their blunt, branching appearance (Fig. 20). The conidia are ovoid, 
truncate, the attached end blunt and the distal end rounded, thin-walled, 
hyaline, staining in phloxine, the contents somewhat guttulate in cultures five 
weeks old, 4.5-9.0 XK 1.8-4.5y (Fig. 21). The sclerotia are composed of 
closely packed, pseudoparenchyma-like cells which are hexagonal, thick- 
walled, the walls of some with pointed seta-like projections, the contents 
granular, hyaline at first, staining in phloxine, usually brown when mature, 
occasionally becoming empty, 9.6-14.4u in diameter (Figs. 22 and 37). 

Mycelium derived from the germination of a single conidium is similar in 
all respects to that derived from the germination of a number of spores except 
that there are no clamp connections at the septa. No single basidiospore 
cultures were available for this species. 


Interfertility Tests 


The four species under investigation are assumed to be heterothallic since 
the mycelium derived from the germination of a number of spores possesses 
clamp connections at the septa while that produced by the germination of 
either a single basidiospore or of a single conidium is simple-septate. To 
determine the type of interfertility exhibited by the two species for which 
singe basidiospores were available, pairings in all possible combinations were 
undertaken among eight single basidiospore cultures from isolate DAOM 16563 
of Stereum sulcatum and among 11 single basidiospore cultures from isolate 
DAOM 21808 of Vararia granulosa as shown in Text-figs. 1 and 2 respectively. 
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TEXT-FIG. 1. Results obtained by pairing in all possible combinations, eight single 
basidiospore cultures from Stereum sulcatum, fruit body DAOM 16563. 

TeExtT-FIG. 2._ Results obtained by pairing in all possible combinations, 11 single 
basidiospore cultures from Vararia granulosa, fruit body DAOM 21808. 
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The basidiospores fall into two groups, designated A and a, on the basis of their 
pairing reactions, indicating a bipolar type of interfertility for each species. 
No single basidiospore cultures were available for Corticium furfuraceum or 
Trechispora raduloides so that a determination of the polarity of these species 
was not possible. 

Interfertility tests undertaken with single conidium cultures of the four 
species under investigation are described below. 


Stereum sulcatum 

Thirteen single conidium cultures isolated from a polysporous culture of 
DAOM 16563 were paired in all possible combinations (Text-fig. 3). The 
results demonstrated that two groups of conidia, A and a, are produced by a 
single isolate of this species and that each group is present in approximately 
the same proportion. 

Each of the single conidium cultures was then paired with one single 
basidiospore culture from group A and one from group a of the same isolate, 
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Text-Fi1G. 3. Results obtained by pairing in all possible combinations, 13 single 
conidium cultures from Stereum sulcatum, polysporous culture DAOM 16563. 

TExt-F1G. 4. Results obtained by pairing the 13 single conidium cultures of Text-fig. 3 
with one parent basidiospore culture fr rom each group of Text-fig. 1. 

TeExt-FIG. 5. Results obtained by pairing four single conidium cultures from Stereum 
stlcatum, Hoa epee culture DAOM 16563, with four from S. sulcatum, polysporous 
culture DAOM J 

TEXT-FIG. 6. Casemedite table showing results obtained by pairing series of four single 
conidium cultures from polysporous cultures of different isolates as shown in Text-fig. 5 
for DAOM 16563 x 16619. 
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as shown in Text-fig. 4. Since members of a group are interfertile and 
intrasterile, the single conidium cultures which paired with basidiospore 
type a must be of group A and those which paired with basidiospore type A 
of group a. Thus the conidia are identical in their pairing behavior with the 
basidiospores of the same isolate. 

Pairings between four single conidium cultures isolated from polysporous 
or rot cultures of each of the following isolates, DAOM 16563, 16619, 21048, 
21068, 21503, 21504, and 21730, as shown in Text-fig. 5 for 16619 K 16563, 
gave complete interfertility between the different isolates. The results are 
summarized in a composite table (Text-fig. 6) where each square represents 
the original 16 squares of pairings between two of the isolates, as shown in 
Text-fig. 5 for 16619 and 16563. 


Vararia granulosa 


Seventeen single conidium cultures isolated from a polysporous culture of 
DAOM 21808 were paired in all possible combinations. The results indicated 
that all of the conidia were of the’same reaction group since no clamp connec- 
tions were obtained in any of the pairings. When the single conidium cultures 
were backcrossed with one single basidiospore culture from group A and one 
from group a of the same isolate, in the same manner as with the previous 
species, clamps were obtained in all of the pairings with the single basidiospore 
culture from group a and in none of those with the single basidiospore culture 
from group A. Thus, all of the conidia which were isolated belonged to 
reaction group A. The pairings were repeated and the same results obtained. 

Eleven single conidium cultures isolated from a polysporous culture of 
DAOM 16567 of this species gave a bipolar table when paired in all possible 
combinations (Text-fig. 7). As with the previous species, the conidia fell 
into two groups, designated A and a, on the basis of their pairing reactions 
and, had a greater number of single conidium cultures been used in the pair- 
ings, the two groups undoubtedly would have been more equal in size. No 
explanation can be suggested for the pairing behavior of the single conidium 
cultures isolated from polysporous cultures of DAOM 21808. 

In pairings between four single conidium cultures isolated from polysporous 
cultures of each of the following available isolates, DAOM 21808, 16567, and 
22817, as shown in Text-fig. 8 for 21808 X 16567, the same results were 
obtained as with the previous species. The complete interfertility between 
all of the isolates is demonstrated in Text-fig. 9 where each square of the 
composite table summarizes the results of the original 16 squares of pairings 
between two of the isolates, as shown in Text-fig. 8 for 21808 and 16567. 


Corticium furfuraceum 

Nineteen single conidium cultures isolated from a polysporous culture of 
DAOM 21137 were paired in all possible combinations (Text—fig. 10). The 
results agree with those given for the previous species, i.e., that two types of 


conidia, each in approximately the same proportion, are produced by a single 
isolate. 
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TExt-FIG. 7. Results obtained by pairing in all possible combinations, 11 single 
conidium cultures from Vararia granulosa, polysporous culture DAOM 1 6567. 

TEXT-FIG. 8. Results obtained by pairiag four’single conidium cultures from Vararia 
granulosa, Aragorn culture DAOM 21808, with four from V. granulosa, polysporous 


culture DAOM 16567. 


TEXT-F1G. 9. Composite table showing results obtained by pairing series of four single 
conidium cultures from polysporous cultures of different isolates of Vararia granulosa as 


shown in Text-fig. 8 for DAOM 21808 x 16567. 
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TEXT-FIG. 10. Results obtained by pairing 


in all possible combinations, 19 single 
conidium cultures from Corticium furfuraceum, polysporous culture DAOM 21137. 
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Pairings between four single conidium cultures isolated from polysporous 
cultures of each of the two isolates of this species, DAOM 21137 and 21143 
gave, as with the previous species, complete interfertility as shown in Text- 
fig. 11. 


Trechispora raduloides 


Seventeen single conidium cultures isolated from a polysporous culture of 
DAOM 17144 were paired in all possible combinations. Once more, the 
results indicated the production of two types of conidia, A and a, each in 
approximately the same proportion, by a single isolate (Text-fig. 12). 

In addition, complete interfertility was again demonstrated in pairings 
between four single conidium cultures isolated from polysporous or rot cultures 
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TExtT-FIG. 11. Results obtained by pairing four single conidium cultures from Corticium 
furfuraceum, polysporous culture DAOM 21137, with four from C. furfuraceum, poly- 
sporous’culture DAOM 21143. 
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TExt-FIG. 12. Results obtained by Oar sy in all possible combinations, 17 single 
conidium cultures from Trechispora raduloides, polysporous culture DAOM 17144. 
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TEXT-FIG. 13. Resultg obtained by pairing four single conidium cultures from 
Trechispora raduloides, sere culture DAOM 17144, with four from T. raduloides, 
polysporous culture DAOM 17145. 

TExtT-FIG. 14. Composite a: showing results obtained by pairing series of four 
single conidium cultures from polysporous cultures of different isolates of Trechispora 
raduloides as shown in Text-fig. 13 for DAOM 17144 x 17145. 


of each of the following isolates; DAOM 10281, 17053, 17144, 17145, 17146, 
and 22271, as shown in Text-fig. 13 for 17144 & 17145. The results are 
summarized in a composite table where each square represents the original 
16 squares of pairings as before (Text-fig. 14). 


Cytological Studies 


The nuclear behavior in the development of conidiophores and conidia on 
the dicaryotic mycelium was studied for each of the species under investigation. 
The cytology of conidium formation on haploid mycelia derived from the 
germination of either a single basidiospore or of a single conidium was not 
investigated. 


Stereum sulcatum 

Each cell of the mycelium bearing clamp connections is binucleate (Fig. 55). 
The two nuclei of the parent cell migrate to the tip of the young conidiophore 
(Fig. 56) where they divide conjugately without the formation of clamp 
connections to produce four nuclei (Fig. 57), then eight (Fig. 58), and so on, 
the number usually being impossible to count after the eight—nucleate stage. 
One nucleus enters each conidium and all of the nuclei apparently participate 
in this process since the conidiophore becomes vacuolate and empty when it 
is completed (Fig. 59). The conidia are therefore uninucleate (Fig. 52) and 
each germinates to give a simple-septate mycelium with uninucleate cells 
(Fig. 54). The primary vesicle of the germinating conidium frequently 
contains two nuclei, the original nucleus dividing once without the formation 
of a simple septum (Fig. 53). However, further divisions are accompanied by 
the formation of septa so that the cells are consistently uninucleate. 


Vararia granulosa 

Mycelium derived from the germination of a number of spores contains 
two nuclei in each cell (Fig. 63). The chlamydospores are also binucleate, 
the two nuclei of the parent cell migrating with the cytoplasm into the young 
chlamydospore before it is cut off from the parent hypha (Fig. 64). In the 
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Fics. 52 to 84. Cytological details of conidium formation. All x 850. 


Fics. 52 to 59. Stereum sulcatum. Fig. 52. Uninucleate conidia. Fig. 53. Stages 
in germination of conidia. Fig. 54. Young haploid mycelium derived from the germina- 
tion of a single conidium. Fig. 55. Binucleate cell from mycelium bearing clamp con- 
nections. Figs. 56 to 59. Stages in development of conidiophores and conidia on diploid 
mycelium. 


Fics. 60 to 68. Vararia granulosa. Fig. 60. Uninucleate conidia. Fig.61. Stages 
in germination of conidia. Fig.62. Young haploid mycelium derived from the germina- 
tion of a single conidium. Fig. 63. Binucleate cell from mycelium bearing clam 
connections. Fig. 64. Formation of chlamydospore in binucleate cell. Figs. 65 to 68. 
Stages in development of conidiophores and conidia on diploid mycelium. 


Fics. 69 to 76. Corticitum furfuraceum. Fig. 69. Uninucleate conidia. Fig. 70. 
Stages in germination of conidia. Fig. 71. Young haploid mycelia, each derived from 
the germination of a single conidium. Fig. 72. Binucleate cell from mycelium bearing 
clamp connections. Figs. 73 to 76. Stages in development of conidiophores and conidia 
on diploid mycelium. 

Fics. 77 to 84, Trechispora raduloides. Fig. 77. Uninucleate conidia. Fig. 78. 
Stages in germination of conidia, each conidium giving rise toa haploid mycelium. Fig. 79. 
Binucleate cell from mycelium bearing clamp connections. Figs. 80 to 84. Stages in 
development of conidiophores and conidia on diploid mycelium. 
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formation of conidiophores, the two nuclei of the parent cell pass into the 
swelling which forms at the tip (Fig. 65) and divide conjugately without fusion, 
as in the previous species. First four nuclei (Fig. 66) and then eight were visible 
but the sequence was impossible to follow after this stage. Ten nuclei were 
counted at one period in a single conidiophore (Fig. 67). Every conidium 
receives one nucleus (Figs. 60 and 68) and each germinates to give a simple- 
septate mycelium, the cells of which are uninucleate throughout (Fig. 62), 
septum formation following immediately after the first division (Fig. 61). 
As before, all of the nuclei apparently participate in conidium formation since 
the conidiophore becomes empty and finally collapses. 


Corticium furfuraceum 

The cells of the mycelium derived from the germination of a number of 
spores are binucleate (Fig. 72). While still young, each conidiophore receives 
a dicaryon produced by the division of the two nuclei of the parent cell (Fig. 
73). Since. several conidiophores are formed as lateral branches of a single 
parent cell, the two nuclei of this cell presumably divide a number of times to 
provide a dicaryon for each conidiophore arising from it. The two nuclei 
migrate to the tip of the conidiophore (Fig. 73) where they divide in the same 
manner as those of the previous species while the conidiophore matures. 
Four nuclei (Fig. 74) and then eight (Fig. 75) were counted but further 
divisions could not be determined. Each of the conidia receives one nucleus 
(Figs. 69 and 76) and germinates to give a simple-septate mycelium with 
uninucleate cells (Figs. 70 and 71). When all of the nuclei have been used in 
the formation of conidia, the conidiophore becomes empty and collapses. 


Trechispora raduloides 

Each cell oftthe mycelium bearing clamp connections contains two nuclei 
(Fig. 79). Although only one nucleus enters each conidiophore (Fig. 80), 
both nuclei of the dicaryon must participate in conidium formation since, in 
the interfertility tests, the conidia were found to fall into two groups on the 
basis of their pairing reactions. When several conidiophores are formed from 
a single cell, the original dicaryon presumably divides a sufficient number of 
times to produce one nucleus for each conidiophore. The single nucleus 
passes to the tip of the conidiophore where it divides each time a new conidium 
is formed. One of the daughter nuclei migrates into the newly formed 
conidium where it is cut off by a simple septum while the other nucleus remains 
behind in the conidiophore to repeat the performance (Fig. 81). The nuclei 
continue to divide in this manner throughout the period of conidium formation 
(Figs. 82 to 84). The resulting conidia are uninucleate (Fig. 77) and each 
germinates to give a simple-septate mycelium with uninucleate cells (Fig. 78). 
A septum may not be laid down at the first division so that the germ tube of 
the germinating conidium may contain two nuclei (Fig. 78). However, all 
further divisions are accompanied by the formation of simple septa. 
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Discussion 


The separation of the two nuclei of the dicaryon in conidium formation on 
the dicaryotic mycelium is of importance in that it offers a means of returning 
to the haploid condition in the conidia. It has been shown for many of these 
species that simple-septate mycelia derived from the germination of single 
conidia produce clamp connections when suitably paired. According to 
Nobles (21), the conidia of one species, Corticium effuscatum, have a diploidiz- 
ing function. It appears, therefore, that combinations to give the perfect 
state, enabling the fungus to adapt itself more successfully to changing 
conditions, could be produced by these conidia under natural conditions. 
Although the conidia of the species under discussion have not been found as 
yet in nature, one fruit body of Peniophora heterocystidia was reported by 
McKeen (15) to bear conidia as well as basidia and another was found to 
produce the conidia in association with the basidia when placed in a moist 
chamber. It is, therefore, possible that the conidia of these species are 
produced only under certain conditions or at a different time than the basidia 
in nature and, lacking a conspicuous fructification, are easily overlooked. Asa 
tool in taxonomic studies, the value of single conidium cultures of these species 
in interfertility tests to corroborate the identity of unknowns is readily 
recognized, since, in most cases, complete interfertility has been demonstrated 
in pairings between different isolates of the same species. 
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_ CHROMOSOME INTERCHANGE BY MISDIVISION 
IN TRITICUM: 


By J. W. Morrison 


‘ Abstract 


An interchanged chromosome and also a telocentric chromosome arose in the 
progeny of a monosomic wheat plant. The telocentric was recognized by its 
morphology and the interchange was inferred from quadrivalent and trivalent 
chromosome associations. Since the interchange affects one of the same 
chromosomes as the misdivision which gave the telocentric, the interchange is 
assumed to result from the fusion of two telocentrics from nonhomologous 
chromosomes. 


Introduction 


In monosomic plants of Triticum aestivum variety Chinese Spring, the 
41 chromosomes usually associate as 20 pairs and one univalent, (20! 1"), 
Morrison (7). In one 42-chromosome plant grown from the selfed seed of a 
monosomic plant, quadrivalents and trivalents occurred regularly in the 
pollen mother cells (P.M.C’s.). An interchange must therefore have occurred 
between two nonhomologous chromosomes. One of the chromosomes 
involved in the associations was a telocentric—a chromosome with a terminal 
centromere—which proved a useful marker in the study of the origin of 
the interchange. Telocentrics which frequently appear in the progeny of 
monosomic plants arise through the misdivision of the centromere in the 
unpaired chromosomes. The consequences of misdivision and the probable 
method of origin of the new translocation are discussed in this paper. 


Methods and Material 


All investigation of meiosis in P.M.C’s. were made from acetocarmine 
squash preparations after whole spikes were fixed in Carnoy’s fluid. The 
monosomic lines of Chinese Spring are those developed and distributed by 
Dr. E. R. Sears. The plant with the deficient and interchanged chromosomes 
grew from selfed seed of a plant deficient for chromosome IV. 


Results 

Meiotic Behavior 

At first metaphase (M1) there was either a quadrivalent or a trivalent plus 
a univalent in three-quarters of the 100 P.M.C’s. examined (Fig. 1). That 
one chromosome involved was a telocentric was obvious in unequal bivalents 
at MI and also in separated chromosomes at first anaphase (Figs. 3, 4, 5). 
One arm of the quadrivalent or trivalent was always conspicuously short. 
Ring-of-four associations, typical of reciprocal interchanges, were not formed. 
The unequal bivalent composed of a telocentric and a normal univalent was 
noticeable but the other pair in which only a small difference occurred was 
difficult to distinguish from other rod bivalents. 


1 Manuscript received July 28, 1953. 
Contribution No. 174 from the Cereal Division, Department of Agriculture, Ottawa. 
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Fic. 1. Some of the bivalents and other associations at MI involving the new inter- 
changed chromosome and the telocentric (cf. Fig. 2). The frequency of each type 
observed is given under each figure. Magnification 1500 X. A. Chain of four with 
the telocentric (¢) as one arm. 8. Chain of three plus a univalent. C. Two unequal 
bivalents, one formed from a telocentric and a univalent. 


As chiasmata were mostly terminal, the arrangement of trivalents and 
quadrivalents with respect to centromeres was convergent (cf. Darlington 
(2) ). The centromere of the telocentric was of equal strength with the other 
centromeres. When associated as an unequal bivalent, the long arm was 
usually skewed away from the plate. There were sometimes two chiasmata 
between the telocentric and its normal partner but only rarely two between 
the other two arms. 

Normal separation of trivalents and the inclusion of divided or nondivided 
univalents cause an unequal distribution of chromosomes at anaphase. At 
first telophase there were a few cells with univalent laggards. A measure of 
the success of disjunction and the inclusion of any laggards can be taken from 
the proportion of dyads with micronuclei. Out of 200 cells examined only 
6% had micronuclei. 


Misdivision of Univalents 

It is generally known that univalent chromosomes of monosomic wheats 
often misdivide (7, 8). However, it is not generally realized that more than 
one univalent may misdivide. In 3% of over a thousand P.M.C’s. the 41 
chromosomes were associated as 19!! 3! and out of 900 cells, from several 
monosomics, 4% had more than one univalent lagging at first division. This 
does not mean however that misdivision occurs in the three or more univalents 
with this frequency. Misdivision of extra chromosomes occurred in only 
0.5% of the cells at first telophase and less frequently at second telophase. 


Discussion 


In Fig. 2 are outlined some of the consequences of breakage (misdivision) 
of the centromeres and the reunion of nonhomologous telocentrics to give 
new chromosomes with the interchanged arms. In particular the probable 
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origin of the interchange and deficiency in the plant examined are emphasized. 
It may also be argued that the altered chromosomes arose through breakage 
and reunion of nonhomologous centromeres in a resting nucleus, with the 
subsequent loss of one telocentric arm. There is no evidence for centromere 
breakage in the resting state however: rather the centromere is considered 
stable and permanent. Further the probability of such a chain of events 
happening is much less than the simple fusion of ends which are broken. 
Breakage and reunion happens equally to chromosomes at either the first 
or second division of meiosis. The frequency of misdivision in two non- 
homologous chromosomes is great enough to enable translocations to occur. 
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Fig. 2 


Fic. 2. A possible mode of origin of interchanged chromosomes through misdivision 
of univalents at meiosis to form telocentrics and the fusion of these telocentrics to form 


new chromosomes. The inferred synapsis and the configurations at MI are also given 
(cf. Fig. 1). 
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That reunion of broken chromosome ends occurs in wheat chromosomes is 
shown by the persistence of a dicentric chromosome through the breakage— 
fusion cycle (Morrison unpublished). There is also direct proof of reunion in 
observations following X-ray breakage in wheat (Morrison (6) ). Reunion of 
broken ends within a centromere also occurs (Darlington (3), Li et al. (4), and 
Sears (8) ). If there were several homologous and nonhomologous telocentric 
arms present within one nucleus it would be only a matter of chance which 
ends would undergo reunion. Once centromeres had rejoined and if centro- 
meres had not been impaired, the chromosomes would continue to persist 
through mitotic divisions. 

While translocation heterozygotes usually produce duplications and 
deficiencies which are lethal in diploid organisms, once a homozygous condition 
is achieved a translocation does not interfere with pairing or disjunction. 
There is also less tendency for its elimination in polyploids; there may even 
be genetical control of transmission in some plants (Burnham (1) ). The 
importance of translocations in wheat has been stressed by Mather (5) and by 
Smith (9). The principle of interchange in chromosomes by fusion of broken 
centromeres is of universal importance. It probably has contributed to the 
evolutionary divergence in many organisms where unpaired chromosomes 
occur. 
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Fics. 3, 4, 5. Photomicrographs of meiosis in the P.M.C’s, of the plant with the 
interchanged chromosome. Magnification 900 Fic. 3.) MI, The quadri- 
valent is in the center of the plate. Fic. 4. MI, 21'!.) The unequal pair at the extreme 
right is made up of a telocentric plus its normal univalent partner. F1G. 5. First anaphase, 
equal distribution of 21-21. The telocentrie is at the top right hand corner, 
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THE WOOD STRUCTURE OF SOME ARIZONAN AND 
CALIFORNIAN SPECIES OF CUPRESSUS' 


By M. W. BANNAN? 


Abstract 


The microscopic wood structure of nine species of Cupressus native to Arizona 
and California was studied from approximately 700 samples. Tracheid and 
ray cell dimensions, size and distribution of rays, size and arrangement of pits, 
and thickness of cell walls were found to vary in different parts of the tree, the 
trends resembling those in other Cupressaceae. Comparisons of the data 
relating to homologous wood samples revealed slight interspecific differences in 
mean values for some structural features, but the range of intraspecific vari- 
ability was usually broad. No single microscopic character was discovered 
which alone could be considered reliable for species differentiation, but certain 
features such as the frequency of rays, size of crossing field pits, size of tracheids 
and ray cells, and thickness of ray cell walls may prove valuable for diagnostic 
purposes when used together. As in the case of morphological characteristics, 
species differentiation apparently rests upon slight differences in several 
characters rather than invariable or marked divergence in single features. 


Introduction 


The present paper is one of a series on wood structure of North American 
Cupressaceae, previous contributions having dealt with Thuja occidentalis L., 
Juniperus spp., Libocedrus decurrens Torr., and Chamaecyparis spp. (Bannan 
5, 7, 8, 10). Descriptions are given of the secondary xylem structure of 
certain species of Cupressus native to Arizona and California. 

Cupressus is a difficult genus for the taxonomist attempting a systematic 
treatment. Certain of the recognized species differ only slightly and some of 
these in turn exist as geographically separated colonies exhibiting lesser 
degrees of, difference among one another. A complete anatomical study of 
the dozen or so species, entailing examination of samples from the different 
parts of several trees in each of the various colonies, would require so many 
years of labor as to make the project unfeasible. On the other hand 
experience has demonstrated the fallacy of basing comparative anatomical 
studies on limited samplings, especially when several only slightly dissimilar 
species are involved. The wide range of intraspecific variability in wood 
structure requires examination of extensive material if conclusions of com- 
parative nature are to be valid. Hence in the present investigation it was 
decided not to attempt anatomical studies of all the recognized species, but 
rather to limit the research to certain of the taxonomic entities in the more 
accessible localities. 


Material 
The descriptions of wood structure in the present article are based on 


approximately 700 samples most of which were collected by the author in 
1938, 1947-49, and 1951. Systematic treatment follows that of Wolf and 


1 Manuscript received September 25, 1953. 
Contribution from the Department of Botany, University of Toronto, Toronto, Ont. 
Assistance was provided by a grant in aid of research furnished by the University of Toronto. 
2 Associate Professor in Botany. 
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Wagener (26) whose monograph on American cypresses was invaluable for the 
identification of species and location of the various stands. Collections were 
as follows: C. abramsiana C. B. Wolf at Bonnie Doon, Santa Cruz Mts., 
Calif.; C. arizonica Greene from Bear Canyon, Santa Catalina Mts., at the 
lowermost end of Bonita Canyon, Chiracahua Mts., and from the southern 
part of the very large stand on the mountains north of Clifton, Greenlee Co., 
Ariz.; C. forbesit Jepson on Sierra Peak, Santa Ana Mts., Orange Co., and 
Guatay Mt., San Diego Co., Calif.; C. glabra Sudw. along the East Verde R., 
Gila Co. and near Sedona, Coconino Co., Ariz.; C. goveniana Gord. near San 
Jose Creek, Monterey Co., Calif.; C. macnabiana Murr. north of Fiddletown, 
Amador Co. (the Aukum site of Wolf and Wagener), Schilling (Whiskytown), 
Shasta Co., and west of Highland Springs (Pieta Rd.) Lake Co., Calif.; 
C. macrocarpa Hartw., ex Gord., from plantings in various localities from San 
Diego Co. to Humboldt Co., Calif.; C. pygmaea (Lemm.) Sarg., east of Noyo 
and east of Mendocino, Mendocino Co., Calif.; C. sargentit Jepson near 
Camp Meeker, Sonoma Co., between Calistoga and Middletown on the Napa- 
Lake County line, and west of Highland Springs (Pieta Rd.), Lake Co., Calif. 
Supplementary material was kindly provided of C. arizonica from Bear 
Canyon, Ariz., by Mr. C. A. Merker, Forest Supervisor, Coronado Nat’l. 
Forest; C. forbesit from Guatay Mt. by Mr. Alvin F. Wright, District Ranger, 
Cleveland Nat’l. Forest; and C. macnabiana from Grass Valley, Nevada Co., 
Calif., by Mr. Ivan A. Cuff, retired Forest Officer. 

At most stations samples were taken as follows: small pieces or chisel 
cuttings at the 3-ft. level from the boles of trees generally 6-12 in. in diameter 
or occasionally larger, 6-in. lengths from the proximal and distal portions of 
large branches that could be reached from the ground, sections at the base of 
seedlings 3—4 ft. tall, and short pieces from horizontal roots in the top layer 
of soil when excavation was possible without excessive labor. From transverse, 
radial, and tangential sections, data of the type presented in Figs. 13-18 and 
Tables I to IV were accumulated. In Figs. 13-18 the measurements provided 
under the term ‘‘seedling stems” were made at distances of 3-5 mm. from the 
pith in the lower part of the stem of small trees 3-4 ft. tall. Data under the 
heading “inner wood of branches” likewise refer to the xylem at 3-5 mm. 
from the pith, whereas the term ‘‘outer wood of branches” indicates the xylem 
at 1-1.5 cm. from the pith. In the case of roots the data relate to the inner 
wood, 3-5 mm. from the primary xylem, in horizontal roots a few feet distant 
from the bole and located in the top few inches of soil. 


Growth Rings 


Considerable differences in climate and environment obtain throughout the 
range of Cupressus in southwestern U.S.A. On the slopes of interior 
mountains, where the winters are severe and the foresummers dry, the growing 
season is probably of short duration. By way of contrast, radial expansion 
continues in some coastal localities through nearly the whole year. By means 
of dendrograph measurements, MacDougal (20) determined that cypresses 
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Fics. 7-12. Transverse sections of branch or root wood. Fic. 7. C. abramsiana, 
inner wood of branch. Fic. 8. C. forbesti, inner wood of branch. Fic. 9. C. forbesti, 
outer wood of branch, FiG..10. °C. sargentii, inner wood of branch showing frost ring. 
Fics. 11 and 12. C. macrocarpa, root wood. Fics 7-12, X 45. 
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near Point Lobos experienced continuous cambial activity except for brief 
interruptions during cold winter weather in January or February and dry 
periods in the summer, the time and duration of the interruptions varying 
from year to year according to climatic conditions. Such recurrent interrup- 
tions often result in doubled or multilayered annual rings. 


The growth rings in Cupressus are exceedingly varied in structure. Much 
diversity exists from tree to tree, but some general intra-arboreal trends are 
apparent. Aspect tends to alter from the inner to the outer wood in stems 
and branches, and differs in roots from that elsewhere in the tree. In the 
inner stem wood, near the base, the annual rings are often heterogeneous in 
structure with zones or partial bands of thick-walled cells. These sometimes 
merge gradually into adjoining thin-walled tissue, and at other times become 
so distinct as to form definitely multilayered rings. The median to outer 
rings are usually of more uniform structure (Fig. 1). Although variable in 
width they are generally much alike in appearance, each exhibiting gradual 
transition to late wood and distinct termination of growth. <A less common 
condition is shown in Fig. 2 where doubling of the ring has occurred. The 
indefiniteness of the boundary between the two layers, as contrasted to the 
distinct termination later, suggests that the two layers are part of the same 
annual increment. In the periphery of very old stems, the rings range from 
wide with aspect as illustrated in Fig. 1, to narrow with much restricted late 
wood as shown in Fig. 3. In material such as that available to the writer, 
consisting mostly of random samples collected during single visitations to 
different groves, chronological relationships of growth rings can only be 
surmised. The writer, however, has followed the usual practice of interpreting 
distinct growth rings, of the type illustrated in Figs. 1 and 3, as annual rings. 
The data on width of annual rings presented in Tables I-IV are based on 
that assumption. 


In the inner wood of branches, annual increments are often made up of 
several growth layers. The latter vary greatly in width, circumferential 
extent, distinctness of boundary, and frequency and distributional pattern of 
xylem parenchyma elements. Sometimes the growth layers are clearly 
defined in some sectors (Fig. 4), but fade out elsewhere around the circum- 
ference. In other cases consecutive layers of thin-walled and thick-walled 
tracheids alternate without forming discrete rings (Fig. 6). The xylem 
parenchyma cells associated with the growth layers may be definitely zonate 
(Figs. 4, 5) or somewhat diffuse (Figs. 6,8). Toward the periphery the aspect 
of the xylem changes. As shown in Fig. 9 the consecutive growth rings lack 
subsidiary layers, except for occasional doubling or tripling of the late wood, 
and generally would seem to warrant interpretation as annual rings. Width 
of the rings, proportion of late wood and extent of compression or reaction 
wood all tend to decrease. Xylem parenchyma cells, in contrast to their 
prevalence in the inner wood, become scarce. 


In roots the growth rings are usually narrow, with only one or two of the 
terminal cells in each radial file modified as late wood (Fig. 11). The tracheids 
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possess large lumina and thin walls, imparting characteristics of light weight 
and structural weakness to the wood. In wood formed after exposure of 
roots by soil removal, the tracheids become smaller and thicker walled, the 
proportion of late wood increases, the rings usually widen, and the general 
aspect alters to decidedly stemlike. Fig. 12 illustrates a sudden change in 
cell size due to unknown causes. 

Some interspecific differences in aspect of the annual rings were noted. 
_ Multilayered annual increments occurred more often in C. macrocarpa and 
C. arizonica than in other species. Most frequent development was in the 
inner wood of seedling stems and branches. Sometimes the growth layers 
-were so well marked as to simulate annual rings, rendering difficult the task 
of attempting chronological relationships (Fig. 4). In other species subsidiary 
growth layers tended to be indistinct and to merge into one another, the 
clearly delimited rings probably representing annual increments (Fig. 6). 

The width of the annual rings probably fluctuates more than any other 
structural feature of the xylem. No doubt many factors are involved. Much 
intraspecific variation occurs, neighboring trees sometimes differing markedly 
in the rate and amount of cambial activity. For instance, random samplings 
taken on June 12, 1951, from the boles of trees of C. arizonica in the lower 
end of Bonita Canyon showed current radial increments of xylem ranging 
from less than 0.1 mm. to nearly 2mm. _ The ratio of this early 1951 growth 
to that of the entire 1950 season varied from 1:1to1:9. The growth rings 
interpreted as the increments of 1950 and 1949 were each composed of two 
layers in many of the stems sampled. The ratio of the inner to the outer 
growth layer of 1950 ranged from 1 : 11 to 5 :1, and the total width of both 
layers varied from 0.8 to4.9mm. Determination of the cause of such intra- 
specific fluctuation would require extensive investigation. 

Genetic influence on the rate and amount of growth at the species level 
was demonstrated in extensive horticultural plantings by Wolf (26). In 
terms of height growth he rated C. macrocarpa as the most vigorous of the 
15 species tested. In the writer’s samplings C. macrocarpa exhibited the 
widest annual rings (Table I), although it should be noted that some of the 
trees bordered irrigated fields. Following C. macrocarpa in annual radial 
growth were C. pygmaea and C. abramsiana, rated by Wolf in second and 
sixth positions in estimated height growth. Narrowest annual rings were 
found in C. macnabiana, C. forbesii, C. sargentii, and C. arizonica. The hot 
dry summers which prevail at some of the stations for these species are 
doubtless responsible in part for the restricted cambial activity. 

Effect of the environment on ring width is indicated by the differences 
between certain colonies of the same species. In C. glabra mean ring width 
in trees edging the East Verde River was more than three times that at the 
drier Sedona site (Table I). In C. arizonica rings were narrowest at the 
Clifton station, where collections were made from the southern fringe of the 
grove in which area conditions were becoming unfavorable for cypress. The 
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profound influence of various environmental factors, and especially available 
soil moisture, on ring width has been the subject of an extensive literature 
(Antevs (1), Avery et al. (2), Coile (11), Douglass (12, 13), Lyon (19), Glock 
(15, 16), etc.). é 

Certain of the interregional and interspecific differences in ring width may 
be related to diversity in basic tree form. Fundamental differences in growth 
habit exist in Cupressus which probably have some influence on ring width, 
especially in the lower part of the bole from which part of the tree the author’s 
samples were taken. This applies particularly in the case of C. macnabiana. 
Mature trees of this species are characterized by broad, low crowns, main 
branches arising close to the ground. Such habit is especially well marked 
at Highland Springs where the trees were described by Wolf (26) as resembling 
“‘well rounded old apple trees in their outline and low crotch”. Among 
conifers generally such trees develop broad annual rings in the stem base. 
At Schilling this shaftless growth form is also well established, but at Fiddle- 
town many of the trees have elevated crowns and well defined, cylindrical 
stems. In stems of this type the peripheral annual rings usually taper 
somewhat toward the base. It seems likely that the differences in ring width 
between the Highland Springs and Fiddletown colonies of C. macnabiana, and 
the differences between C. macnabiana and C. sargentii at Highland Springs 
are to a considerable extent related to the dissimilar tree habits. 

Injuries of various types occur sporadically in the xylem. Among the most 
frequent are areas of distortion and cell collapse extending continuously or 
interruptedly around the whole or part of growth rings (Fig. 10). These 
injuries are usually referred to in the literature as frost rings, and in many 
cases frost has been demonstrated as the agent. In the case of C. arizonica 
growing at Lubbock, Texas, Glock (16) has related such injuries to killing 
frosts, and has used them for determination of chronological relationships of 
the various growth layers. Frost rings were found by the writer to be common 
in the inner wood of branches or seedling stems of C. glabra and C. arizonica, 
less frequent in C. macnabiana and C. sargentii, and rare in the southern or 
coastal C. forbesii, C. goveniana, C. macrocarpa, and C. pygmaea. It is 
probable that many of these injuries were due to frosts, particularly at the 
inland localities. However, other injuries which somewhat resembled frost 
rings in aspect, though of more limited tangential extent, were probably 
caused by some agency other than frost, especially when they occurred in the 
middle of wide growth rings. 

A notable feature of Cupressus wood, apparent especially in transverse 
sections, is the extensive occurrence of intercellular spaces between tracheids 
(Fig. 19). The spaces increase in size and frequency from the inner to the 
peripheral wood, and are more conspicuous than in other North American 
Cupressaceae with the exception of Juniperus. This development is quite 
apart from that in compression or reaction wood where intercellular spaces 
are prevalent in conifers generally. 
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Tracheid Diameter 


The tangential diameter of tracheids was calculated from transverse sections 
by the customary method. In each sample 200 or more cells were measured 
in groups of 10 or more, intervening uniseriate rays being included. Deter- 
minations were usually made from more than one ring since minor differences 
sometimes occur in neighboring rings, especially in the inner wood. This 
method has the advantage of convenience, but the data so procured obviously 
have comparative value only and are not to be construed as indicating the 
true maximum width of the tapered tracheids. This can be determined only 
by individual measurements from tangential sections. The data in Tables 
I-IV on radial diameter relate to early wood tracheids only. The first 10 
tracheids in the early wood of wide annual rings, or the first five in narrow 
rings, were measured at intervals around the circumference of one or 
more rings. 

Within each species tracheid diameter tends to vary in different parts of 
the tree, the trends resembling those noted in other conifers (Bailey and 
Faull (3), Bannan (5, 7, 8, 10), Gerry (14), Harlow (17), and Sanio (24) ).. As 
shown in Fig. 18 and Tables II-IV the tangential diameter generally increases 
outward from the center in stems and branches, is less in the latter than in 
the former, and is maximal in roots. Similar trends occur with respect to 
radial dimensions. 

Valid interspecific comparisons of tracheid size must obviously be based 
upon samples from similar parts of the tree. When homologous material is 
contrasted it is seen that tracheid diameter is usually greater in C. abramsiana, 
C. goveniana, C. pygmaea, and C. sargentii than in C. arizonica, C. forbesii, or 
C. glabra (Tables II-IV). It is noteworthy that the specific differences are 
more marked in peripheral than in the inner wood. 

The influence of site on tracheid size has been investigated in a few conifers. 
In Thuja occidentalis Harlow (17) observed only slight differences in mean 
tangential diameter at two sites, and noted greater differences between 
neighboring trees than between the means for the two sites. Similarly 
Myer (21) found in Pinus strobus and Tsuga canadensis that the intraregional 


fluctuation in tracheid size far exceeded the slight interregional differences. 


Kienholz (18) discovered wider differences in cell size in trees of Pinus contorta 
from three contrasting environments. 

The information on Cupressus is insufficient to allow satisfactory assessment 
of the influence of environmental and genetic factors upon tracheid diameter, 
but certain of the data in Tables I and II are noteworthy. Attention is 
directed to the relatively minor differences in mean tracheid diameter at the 
various stations for each species. For instance, in C. macnabiana mean cell 
width varied only from 20.1 to 22.4 at the four sites of collection (Table I). 
These localities included Fiddletown at the southeastern limit of the range, 
Schilling at the north, and Highland Springs near the southwestern limit. 
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Fics. 13-18. Data on variability in the secondary xylem with reference to cell size and 
frequency of rays. The vertical lines show the range from maximum to minimum means 
as observed in different samples, and the small circle in each case indicates the grand 
average for all samples. Fic. 13. Mean ray height in rows of cells. Fic. 14. Mean 
height of cells in rays two or more rows high. Fic. 15. Number of pits per crossing field 
between early-wood tracheids and ray parenchyma cells. Fic. 16: Number of rays per 
sq. mm. of tangential section. Fic. 17. Tangential diameter of ray cells. Fic. 18. 
Tangential diameter of tracheids as determined from transverse sections. 
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While these stations are in the Upper Sonoran Life Zone, the climate at 
Schilling differs from that at other sites in the much greater winter rainfall 
and higher summer temperature. Effect on tracheid size, however, seems 
to be slight. 

In the case of C. glabra conditions of growth, especially as regards avail- 
ability of water, differed markedly at the two sites of collection. At Sedona 
most of the samples were taken from trees located on sloping ground along 
the banks of small water courses which are dry except during runoff periods 
after heavy showers. By way of contrast the collections at the East Verde 
River site were from trees growing on the fringe of the broad stream bed, on 
ground submerged during periods of flood and moistened through the 
remainder of the growing season by the continuous flow in the river. The 
annual rings here were more than three times the width at Sedona, yet 
tracheid diameter differed only slightly (Table I). 

An opportunity of comparing the woods of two species growing under 
similar climatic conditions is afforded in the Highland Springs locality. Along 
the old Pieta Road groves of C. macnabiana and C. sargentii occur near one 
another at an elevation of about 2000 ft. The values for mean tracheid size 
(tangential diameter) in the two colonies fall within the respective intraspecific 
ranges, but mean size is 20% greater in C. sargentii than in C. macnabiana 
(Table I). Such data point to considerable genetic influence on tracheid 
diameter. 


Tracheid Pitting 


Mean size of the intertracheary bordered pits, on the radial walls, varies 
in different parts of the tree. Diameter in the early wood of the growth rings 
is usually 15-17 in roots, 12-14 w in the peripheral wood of stems, and 
10-11 in the inner wood of stems and branches. 
The arrangement of the bordered pits is inconstant, especially in roots. 
In wide early-wood tracheids the pits lie in two or three rows, and are usually 
opposite (Fig. 25), less often alternate (Figs. 23, 24), or occasionally clustered. 
A uniseriate arrangement is typical in stem or branch wood where the tracheids 
are narrower (Figs. 20, 21). Crassulae fluctuate from absent or inconspicuous 
(Fig. 23) to prominent (Fig. 25). 
The torus is conspicuous in radial intertracheary pits. It is usually 
slightly larger than the pit aperture and generally possesses a finely erose 
margin (Figs. 20, 21, 25). Sometimes one or more bars extend to the rim of 
the pit chamber (Fig. 26). Under some circumstances the pit membrane 
exhibits a radiate pattern (Figs. 22, 24). 
The pits to ray parenchyma eells are typically of the cupressoid type with 
included apertures (Figs. 34-45), but much variation occurs in size, number 
per crossing field, and in minor details of structure. The number per crossing 
field fluctuates widely. Pits are usually more numerous in the crossing fields 
with ray cells in the first-formed parts of new rays, generally one cell high, 
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Fics. 19-26. Fic, 19. 


cellular spaces. Fics, 20 and 21. 
ment. Fics. 22-25. 
20. C. arizonica, torus structure in branch wood. 
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Cc. macrocarpa, pit arrangement and structure in root wood, 


PLATE III 


C. arizonica, transverse section of stem wood showing inter- 
C. arizonica, radial of stem wood showing pit arrange- 
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Fics. 27-33. Fic. 27. 


C. arizonica, tangential section of peripheral stem wood. 
28 and 29. C. macrocarpa, tangential sections showing differences in size and frequency 
of rays in two stems 7 in. and 5 ft. in diameter respectively. 
in peripheral stem wood. 


C. macrocarpa, rays in root wood. 
C. pygmaea, abnormal rays in seedling stem. 


Fics. 27-33, 70. 
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C. pygmaea, rays 
Fics. 32 and 33. 
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and in the marginal rows of older rays three or more cells high than in the 
central rows of these rays (Fig. 37). The number also tends to decrease from 
the early to the late wood in the growth rings. There may also be notable 
differences in the mean frequency in successive annual increments. Because 
of such variability counts of the number of pits per field were confined to the 
crossing fields adjoining rays two or more cells high, and were made at 
scattered points through the early wood of successive growth rings. Mean 
frequency was calculated from a few hundred crossing fields in each sample 
As shown in Fig. 15 the mean number of pits per crossing field tends to be 
greatest in roots, where the tracheids are widest and the ray cells highest, 
and is least in the peripheral wood of stems and branches. Among the 
various species the number per field is slightly greater in C. abramsiana, 
C. goveniana, and C. sargentit than in the other species studied (Tables I 
and II), but the intraspecific ranges overlap broadly (Fig. 15). 

Size of the crossing field pits fluctuates widely, even within the same field, 
but on the whole the largest pits occur in roots (Figs. 39, 45) and the smallest 
in the inner wood of branches and stems. The mean size is somewhat greater 
in C. macrocarpa, C. goveniana, and C. forbesii than in other species (Tables 
I, FY). 

As mentioned earlier the crossing field pits are typically of the type known 
as cupressoid, the apertures tending to be narrow and to stop short of the pit 
rim. However, the apertures are sometimes wide (Fig. 41) and may extend 
to or beyond the rim. Rarely the apertures of adjoining pits are confluent. 
Angle of inclination of the apertures also fluctuates from the usual 45° + slant. 
In some roots the slope may approach the horizontal, whereas in stem or 
branch wood the apertures are sometimes almost vertical, even in early 
wood (Fig. 42). 


Distribution of Xylem Parenchyma 


Xylem parenchyma cells are usually abundant in the inner wood of branches. 
Pattern of distribution varies from more or less diffuse (Fig. 8), or loosely 
zonate (Figs. 6, 7) to narrow tangential bands (Figs. 4,5). Sometimes several 
series occur in the growth of one year (Figs. 5, 6). The frequency generally 
decreases outward from the center to a sparse occurrence in the outer wood 
(Fig. 9). A similar trend exists in the wood of seedling stems, though as a 
rule xylem parenchyma cells are less numerous than in branches. Condition 
in the stem leader of large trees is unknown. In the peripheral wood above 
the stem base the frequency and distribution of parenchyma cells vary greatly. 
These cells range from an apparent absence over considerable areas (Fig. 3), 
or an infrequent and scattered occurrence, to abundant and zonate (Fig. 2). 
In roots parenchyma cells vary from sparse to frequent, and in distributional 
pattern from dispersed to loosely zonate. In some cases high frequency is 
apparently the result of disturbance or injury to the cambium. 
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Size and Distribution of Rays 


The mean ray height, in rows of cells, fluctuates widely in all parts of the 
tree. Differences of 50% or more may occur in different radii, and considerable 
dissimilarity may be observed in homologous samples from neighboring trees. 
Notwithstanding the extensive inter- and intra-arboreal variation, certain 
general trends become apparent on analysis of the data. 

Trends in ray height in different parts of the tree follow those noted in 
other Cupressaceae (Bannan 5, 7, 8, 9). Mean height increases outward 
from the pith in both stems and branches. In Fig. 13 it will be noted that 
the height in the peripheral wood of stems 6-12 in. in diameter surpasses that 
in seedling stems, and in Table II the height is greater in stems exceeding 
12 in. in diameter than in stems of 6-12 in. size. The rate and extent of 
change in mean ray height outward from the pith, and the size or age at 
which maximum height is attained differ from tree to tree. Conditions 
favorable to the development of wide annual rings seem to induce increased 
ray height. Sometimes a reduction in mean ray height may follow in the 
peripheral wood of very old trees, especially if the outermost rings are narrow. 
Absolute maximum height of individual rays, as observed in the available 
samples of stem wood, ranged from 29 cells in C. goveniana and 30 cells 
in C. glabra to 47 cells in C. macnabiana, 50 cells in C. macrocarpa, and 52 
cells in C. sargentit. 

Influence of environment on mean ray height is indicated by certain of the 
data in Table I. In C. forbesii mean ray height in old stems increased from 
4.3 to 4.8 and 5.5 cells at three sites as the annual radial increment expanded 
from 1.0 to 1.7 and 2.2mm. Similarly in C. glabra mean height was greater 
at the more favorable East Verde site than at Sedona. 

Comparison of species reveals broad overlap in the various intraspecific 
ranges (Fig. 13), but among those studied C. macrocarpa, C. forbesti, and 
C. pygmaea have the greatest mean ray height and C. arizonica the lowest 
(Table II). 

The rays in Cupressus are typically uniseriate, or one cell wide (Fig. 27), 
but partially biseriate rays occur sporadically (Figs. 29, 30). In species 
where these wider rays are most common, highest frequency is attained in the 
outer stem wood (Tables I-IV), but even here much variation exists. For 
instance, in different samples of peripheral stem wood of C. macrocarpa the 
proportion of rays partially or totally biseriate ranged from 1% (Fig. 28) to 
31% (Fig. 29). On the whole lowest frequency of partially biseriate rays was 
noted in C. arizonica (Fig. 27), and the highest in C. macrocarpa and C. pygmaea 
(Figs. 29, 30, and Table II). 

The frequency of rays, like their size, is highly varied. Wide differences 
may occur in homologous samples of the same species. Figs. 28 and 29 
illustrate the diversity in peripheral stem wood of C. macrocarpa. However, 
some trends are apparent in the mean condition. The number of rays per 
sq. mm. of tangential area tends to decrease outward from the pith in stems 
and branches, and is low in roots (Figs. 16, 31). Although intraspecific 
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variability is exceedingly great, some noteworthy differences occur in the 
mean values for certain species. As shown in Tables I-IV and Fig. 16 the 
rays are generally more numerous in C. arizonica and C. glabra than in other 
species. Lowest frequency was noted in C. pygmaea (Fig. 30). 


Ray Structure 


The rays are composed almost entirely of parenchyma cells. Ray tracheids 
occur sporadically but are rarely frequent. The latter cells are typically 
associated with the origin of rays (Bannan (4) ), appearing in the first-formed 
parts of rays not connected with the pith. When rays are of early origin, 
arising after only a small amount of secondary tissue has been produced, the 
ray tracheids appear as single cells or in small numbers intermittently along 
the file of parenchyma cells composing the new ray. In rays of later origin 
ray tracheids are more numerous, the earlier parts of new rays sometimes 
being made up almost entirely of these cells through the traverse of one or 
more annual rings. Quite often these new rays, usually one cell high, become 
applied to the upper or lower margins of nearby older rays. Since the number 
of ray tracheids increases in the rays of more recent origin, the proportion of 
ray tissue which is of tracheary nature usually attains a peak in the median 
to peripheral rings of stems (see data in Table II as compared with Tables 
III and IV). As a rule ray tracheids are scarce in C. forbesii and are more 
frequent in C. arizonica, C. glabra, and C. sargentii (Table II). 

Ray parenchyma cells exhibit considerable variability in size, shape, wall 
thickness, and size and distribution of pit-fields. Some of the differences in 
cell size and shape are related to position in the ray. Cells in the first-formed 
parts of rays are often of vertically extended or diverse irregular shapes. In 
the succeeding parts, the cells become lower and extend horizontally to acquire 
the elongate rectangular form characteristic of the more recently formed parts 
of old rays. Length, of course, also varies with position in the annual ring. 
Although variable, mean cell height in these old rays fluctuates according to 
an intra-arboreal trend, and some interspecific differences are discernible when 
similar parts of the tree are compared. Within the tree, mean ray cell height 
is usually greater in roots than in branches or stems (Fig. 14). The mean 
height in such species as C. macrocarpa, C. pygmaea, and C. sargentii is slightly 
greater than in C. forbesii, C. glabra, or C. macnabiana (Fig. 14, Table II). 
Likewise tangential width of the ray cells is greater in roots than elsewhere in 
the tree (Fig. 17), and among the species studied appears to be maximal in 
C. pygmaea (Fig. 17, Table II). 

The horizontal walls of ray parenchyma cells vary in thickness largely 
according to an intra-arboreal pattern. As a rule the walls are relatively 
thick in stem and branch wood (Figs. 37, 38, 43, 44), and are definitely thinner 
in roots (Figs. 39,45). In radial sections scattered pit-fields are discernible in 
sectional view (Figs. 35-45). These show in transverse sections as small 
circular or elongate areas, sometimes adjacent to one another but more often 
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- Fics. 34-45. Drawings from radial sections showing wall structure of ray cells and 

ee aspect of crossing-field pits in adjoining tracheids. Fics. 34-36. C. arizonica, peripheral 

oo stem wood. Fics. 37-39. C. sargentit, peripheral stem, branch, and root wood. Fics. 

ac 40 and 41. C. macnabiana, peripheral stem wood. Fic. 42. C. forbesit, old stem wood. 

Fics. 43-45. C. macrocarpa, dun. small branch, and root wood. 
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Fics. 46-59. C. arizonica, peripheral wood of old stems. Fics. 46-48. Wall structure 
of ray parenchyma cells in radial view. Fics. 49-56. Structure of tangential wall of ray ‘ 
parenchyma cells in tangential sections. Fics. 57-59. Structure of transverse wall of . 
xvlem parenchyma cells. Fics. 46-59, & 500. 
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Fics. 60-106. Fic.60.  C. arizonica, radial pitting of xylem parenchyma and neighbor- 
ing tracheids in the peripheral wood of old stem. Fics. 61-95. Structure of the tangential 
wall of ray parenchyma cells in tangential sections of old stem wood. Fics. 61-78. 
C. arizonica. Fics. 79-84. C.macnaltana. Fics. 85-93. C. pygmaea. Fics. 94 and 95. 
C. macrocarpa. FiG.96. C. arizonica, pitting of ray parenchyma cell in old stem wood 
as seen in transverse section. Fics. 97-106. Structure of transverse wall of xylem paren- 
chyma cells. Fics. 97 and 98. C. sargentit, old stem. Fics. 99 and 100. C. sargentit, 
seedling stem. Fic. 101. C. sargentii, root. Fics. 102-104. C. macrocarpa, old stem. 
Fics. 105-106. C. macrocarpa, root. 
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widely separated (Fig. 96). The side walls of the ray parenchyma cells appear 
to be of similar thickness as the horizontal walls, although along the tracheid 
contacts there is often some attenuation in the vicinity of the tracheid to 
ray pits (Fig. 96). 

The structure of the tangential (end) walls of ray parenchyma cells has been 
given high diagnostic rating by many students of wood structure, and has been 
much used in keys for identification of cupressinean woods. In Cupressus the 
tangential wall is exceedingly variable in thickness and in the size and number 
of pit-fields. Often wide differences occur in the walls of neighboring cells in 
the same ray, some walls appearing smooth and others nodular (Figs. 34-36, 
40, 41, 47). 

The smooth tangential walls appear superficially to be of uniform thickness 
from top to bottom in radial sections, but in tangential sections are seen to 
have numerous small thin spots or perforations, the whole end wall being 
sievelike (Figs. 55, 74, 80, 81). Sometimes incipient wall thickenings, which 
stain heavily with haematoxylin rather than safranin, extend in various 
directions across the end wall resulting in separate perforate areas of diverse 
sizes (Figs. 56,94,95). This type of tangential wall presents a slightly nodular 
aspect in radial view, as shown in the middle row, Fig. 43. In other cases 
prominent thickenings develop, these becoming lignified and of similar or even 
greater thickness than the horizontal or side walls of the ray cells. In the 
simplest condition these take the form of either a central nodule (Figs. 79, 
83, 91), or a single riblike thickening extending transversely (Figs. 50, 72, 
84, 93), less often obliquely (Figs. 49, 51, 86), or rarely vertically (Figs. 51, 
69, 82). In other cells the bars bifurcate (Figs. 52, 53, 73), and sometimes two 
or more develop. These are separate and parallel (Figs. 67, 76, 77, 90, 92), 
connect with one another in radiate pattern (Figs. 54, 62, 64, 66, 68, 71, 78, 89), 
or exhibit other varied connections (Figs. 61, 63, 65, 70, 75, 85, 87, 88). Walls 
with such well developed thickenings appear distinctly nodular in radial view 
(Figs. 34, 35, 37, 40, 46). 

Although the various types of tangential wall described above often develop 
in the same or nearby rays (Figs. 34-36, 40, 41, 46-48, 60), both intra-arboreal 
and interspecific differences in relative frequency do occur. On the whole 
prominent riblike thickenings are most frequent in the median to peripheral 
rings of stems and branches (Fig. 37) and are somewhat less well developed in 
the innermost wood (Fig. 38), though some exceptions to this trend occur. 
In roots the walls are generally more or less smooth with only feeble develop- 
ment of thickenings (Figs. 39, 45). Interspecific comparisons of stem and 
branch wood reveal much thickened walls to be more frequent in C. arizonica 
(Figs. 34, 35, 46), C. glabra, and C. sargentii (Figs. 37, 38), while the walls in 
C. forbesti (Fig. 42), C. macrocarpa (Figs. 43, 44), and C. pygmaea are usually 
more or less smooth. Extensive intraspecific variation was noted in C. macna- 
biana, the end walls in samples collected at Highland Springs tending to be 
thinner than at Fiddletown or Grass Valley. 
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Where the tangential and horizontal walls of the ray cells meet small 
recessions known as indentures may be seen (Fig. 47). These are variable 
in size and occurrence, differing in successive cells and sometimes developing 
at one end of the tangential wall but not at the other. As a rule they are 
common in stems and branches, and are more prominent in Cupressus than 
in certain other genera. In roots, on the other hand, indentures are not 
usually apparent (Figs. 39, 45). 

Abnormal rays, such as described for other Cupressaceae (Bannan (6, 7, 9) ), 
occur sporadically in Cupressus. These differ from ordinary rays in the larger 
size and often irregular shape of the constituent cells, in greater width, and 
in the occasional presence of ray tracheids in central rather than marginal 
rows. Tangential aspect is illustrated in Fig. 32, and Fig. 33 shows broadening 
to a biseriate or triseriate condition. In Juniperus, Thuja, and Chamaecyparis 
adventitious roots originate in the cambial or phloem portions of these rays 
(Bannan (6, 7) and Satoo (25) ). Relationship to root development in 
Cupressus was not determined since no trees were discovered with layered 
branches bearing adventitious roots. The abnormal rays were exceedingly 
erratic in distribution. They were seen in large numbers in some samples 
but not in others collected from the same area. Highest frequency was 
observed in the inner wood of certain branches and seedling stems of C. macro- 
carpa and C. pygmaea. Rare occurrences were noted in C. forbesii and 
C. arizonica, and none were found in C. abramsiana, C. glabra, C. macnabiana, 
or C. sargentit. 


Pitting of Xylem Parenchyma Cells 


The longitudinal walls of xylem parenchyma cells possess pitfields of diverse 
size and shape. The fields on radial walls do not conform in either size or 
position with pits in the preceding or succeeding cells in the same radial file 
of fusiform elements (Fig. 60). 

The transverse walls, or septa, range from relatively thin to distinctly 
nodular (Figs. 57-59, 97-106). Thickness often varies among septa in a 
single longitudinal series of cells, but nevertheless certain trends are apparent 
in different parts of the tree. Some specific differences are also detectable 
when homologous samples are compared. As a rule the walls are thinner in 
roots than elsewhere in the tree, the wall thickenings being small and close 
together so as to impart a more or less smooth aspect to the wall (Fig. 101). 
Slightly thicker transverse walls occur in the inner wood of seedling stems 
and branches (Figs. 99, 100), and maximum development of thickenings 
usually takes place in the outer wood of stems (Fig. 97). Among the 
species studied, C. arizonica and C. glabra tend to exhibit the most prominent 
thickenings (Figs. 57-59), and C. macrocarpa the most feebly developed 
(Figs. 102-106). 


Discussion 


The selection of anatomical characteristics which are to be rated valuable 
for distinguishing the wood of Cupressus from that of other Cupressaceae is 
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complicated by the considerable intraspecific variability, and by the note- 
worthy interspecific differences in the mean condition that exist in certain 
important structural features. For instance, Cupressus and Juniperus are 
similar in many features of their wood structure, but according to descriptions 
of Cupressus wood as provided by Peirce (22) and Phillips (23), the aspect 
of the tangential walls of ray parenchyma cells could be used as a distinguishing 
characteristic. On the basis of available material Peirce described the 
tangential walls in Cupressus as ‘“‘usually smooth, occasionally with local 
thickenings in a few species’’, and Phillips likewise referred to the walls as 
smooth. In Juniperus, on the other hand, the end walls possess distinct 
thickenings. However, the broader studies of the author reveal that this 
difference applies in the case of some species of Cupressus, but only to a limited 
extent in others. Whereas C. forbesii, C. macrocarpa, and C. pygmaea possess 
tangential ray cell walls that are predominantly more or less smooth, a 
distinctly nodular condition is common in C. arizonica, C. glabra, and C. 
sargentti. Hence in comparisons involving the latter species this characteristic 
can no longer be considered qualitative. Rather comparisons have to be 
made on the basis of degree of difference in a characteristic of fluctuating 
variability, and consequently the diagnostic worth of this anatomical feature 
is greatly reduced. The situation is further complicated by the apparent 
existence of differences between colonies of the same species. In C. macnabiana, 
where an intermediate condition obtains with respect to thickness of the 
tangential walls, these were found to be generally more or less smooth in 
material collected near Highland Springs, sporadically nodular at Schilling, 
and commonly to be distinctly nodular at Fiddletown and Grass Valley. 


A critical assessment of the various structural features which may have 
diagnostic value in distinguishing Cupressus wood from that of other 
Cupressaceae will not be attempted at the present time. Most of the 
characteristics which have been so used in the literature fluctuate. Conse- 
quently greater emphasis should be placed on combinations of structural 
features. Some characteristics which may prove to have diagnostic worth, 
when used in association with one another, are the more or less circular shape 
of the tracheids in transverse section (with similar tangential and radial 
diameters and frequent intercellular spaces), the circular shape of the ray 
cells in tangential section with low height/width ratio, and the wall structure 
of the ray parenchyma cells. 

As regards specific differentiation in Cupressus, it may be stated that some 
differences in mean size, frequency, and structure of cellular components are 
recognizable. In homologous wood samples, mean tracheid diameter is 
substantially greater in C. abramsiana and C. pygmaea than in C. arizonica or 
C. glabra. Rays are usually more frequent in C. arizonica and C. glabra than 
in other species. Average ray cell height is greatest in C. macrocarpa, C. 
pygmaea, and C. sargentii, and is lowest in C. macnabiana. The widest ray 
cells, in tangential section, tend to occur in C. forbesii, C. goveniana, C. macro- 
carpa, and C. pygmaea. The crossing-field pits between tracheids and ray 
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parenchyma cells are largest in C. forbesii, C. goveniana, and C. macrocarpa. 
The tangential walls of ray parenchyma cells exhibit greatest development of 
thickenings in C. arizonica, C. glabra, and C. sargentii. Transverse walls of 
xylem parenchyma cells are thickest in C. arizonica and C. glabra. However, 
it should be emphasized that while minor differences in mean condition occur, 
the range of intraspecific variability is so broad in most instances as to result 
in extensive interspecific overlap. Hence, as mentioned above, these struc- 
tural features are of value for specific differentiation only when used together. 
It is also important to note that the interspecific differences listed above are 
most apparent in the median to peripheral annual rings in stems exceeding 
6 in. in diameter. In the case of some structural features the specific differ- 
ences are less marked in the inner wood of stems or branches, and may not 
exist in roots. Certain comments of Wolf (26) on morphological features in 
Cupressus are pertinent in this connection. He cautioned (page 17) as 
follows: ‘‘Few single characters in Cupressus are so constant or important 
that they can be relied upon to diffentiate species. For this reason it is 
essential to give due consideration to the rather minute differences exhibited 
by all the characters, and it is unsafe to depend upon a single morphological 
feature to enable recognition of a species.” 

A general approximation exists between intrageneric trends in wood 
structure and species relationship as evident in morphological features. On 
the basis of affinity demonstrated in external characteristics certain groupings 
of species may be recognized. According to Wolf (26) C. glabra, C. montana, 
C. nevadensis, and C. stephensonii, along with the presumed ancestral species 
C. arizonica, constitute one such group. The writer is unable to comment on 
C. montana, C. nevadensis, or C. stephensonii, but investigations on C. arizonica 
and C. glabra reveal these to have similar wood structure. They differ from 
the C. macrocarpa group of species in tending to have smaller tracheids, higher 
ray frequency, smaller crossing field pits, and slightly more numerous ray 
tracheids. 

The C. macrocarpa assemblage, according to Wolf (26), includes C. abram- 
stana, C. goveniana, C. pygmaea, and C. sargentii. The woods of these species 
are much alike. In comparison with C. arizonica and C. glabra, the tracheids 
have greater diameter, the ray cells are higher and usually wider tangentially, 
the crossing field pits larger, and the ray frequency lower. Among the five 
species, C. macrocarpa usually has the largest crossing field pits, and C. pygmaea 
the widest ray cells. Within the group the most noticeable difference is to 
be found in the thickness of the tangential walls of the ray cells. In this 
feature the species form a graded series with broad interspecific overlap. In 
the peripheral wood of stems the end walls of the ray parenchyma cells are 
generally smooth or provided with slight thickenings in C. pygmaea, possess 
feeble thickenings in C. macrocarpa, vary from more or less smooth to definitely 
nodular in aspect in C. abramsiana and C. goveniana, and are usually distinctly 
nodular in C. sargentii. In the latter species the riblike wall supports are 
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both thicker and more frequent, developing on the walls of an increasing 
proportion of the cells. On the whole C. macrocarpa exhibits rather closer 
resemblance to C. pygmaea than to C. sargentii. 

The suggestion of Wolf (26) that C. forbesii is more closely related to the 
C. macrocarpa group than to the C. arizonica association is supported by 
comparative anatomy. C. forbesii resembles the C. macrocarpa group in 
most microscopic xylem features. Most notable difference is in the smaller 
diameter of the tracheids. 

The secondary xylem of C. macnabiana is characterized by the combination 
of such features as small tracheid size, intermediate ray frequency, low ray 
cell height, low average number of pits per crossing field, and relatively small 
size of crossing field pits. It is important to note that these comparisons of 
species refer to the mean condition in peripheral stem wood. 

It is important to note that the above comparisons of species relate to the 
average condition in peripheral stem wood. The mean values for some struc- 
tural features are significantly different in certain species. However, owing 
to the broad range of intraspecific variation, even among homologous wood 
samples, the appending of a specific name to a piece of wood of unknown 
origin becomes a dubious venture. 
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NOTE 


TOXICITY TESTS OF A WATER-SOLUBLE PHENOLIC FRACTION 
(THUJAPLICIN-FREE) OF WESTERN RED CEDAR 


By J. W. Rorr! anp J. M. ATKINSON? 


The toxicity of the aqueous extracts of the heartwood of western red cedar 
(Thuja plicata D.Don) to wood-destroying fungi has been recognized for many 
years. Investigation of the steam-volatile fraction of the extractives by 
Anderson and Sherrard (1) resulted in the isolation of a crystalline compound, 
toxic to Fomes annosus (Fr.) Cke., which, with its isomers, were termed 
thujaplicins by Erdtman and Gripenberg (2) and supposed by them to be 
the cause of the high natural durability of western red cedar heartwood. 
Rennerfelt (3) found the thujaplicins to be highly toxic to a number of wood- 
destroying fungi. 

In this laboratory, recent study of the extractives of cedar produced the 
water-soluble, nonvolatile, polyphenolic fraction from which the thujaplicins 
had been carefully removed. As this fraction represented between 4 and 5% 
of the oven-dry weight of cedar heartwood and had properties characteristic 
of many fungicides, it seemed probable that it, as well as the volatile thuja- 
plicins, was a factor in the durability of this wood. 


Accordingly a pathological study to determine the toxicity of this fraction 
to a wood-destroying fungus was conducted using a series of Petri plates 
containing the cedar extract at concentrations of 0.5, 1.0, 2.0, 4.0, and 8.0% 
in malt agar. The test fungus used was Poria monticola Murr. After eight 
days’ incubation at 80° F. fungal growth occurred in plates containing 0.5 
and 1.0% concentration of the cedar fraction while concentrations of 2.0, 
4.0, and 8.0% were completely inhibitory. However, when the inocula were 
transplanted from each of the latter media to fresh malt agar, growth was 
resumed in all cases, indicating that the cedar extract is fungistatic rather than 
fungicidal in effect. Similar tests made at the same time using zinc chloride 
showed that, at a concentration of 1% in malt agar, the toxicity of this salt 
approximates that of the cedar fraction at a concentration of 2%. 

It can be concluded that the thujaplicins are not solely responsible for the 
toxicity of the aqueous extracts, nor for the durable character of western red 
cedar heartwood. 


1 Assistant Timber Pathologist. 
2 Assistant. 


—_ 
™. 


> 
. 


—— 
> 


ROFF AND ATKINSON: TOXICITY TESTS 309 


References 


1. AnpERSON, A. B. AND SHERRARD, E. C. Dehydroperillic acid, an acid from western red 
cedar (Thuja plicata Don.) J. Am. Chem. Soc. 55 : 3813-3819. 1933. 

2. ERDTMAN, H. and GRIPENBERG, J. Antibiotic substances from the heartwood of Thuja 
plicata Don. Nature, 161:719. 1948. 

3. RENNERFELT, E. Investigations of thujaplicin, a fungicidal substance in the heartwood 
of Thuja plicata D. Don. Physiol. Plantarum, 1 : 245-254. 1948. 


RECEIVED JUNE 29, 1953. 

VANCOUVER LABORATORY, 

Forest Propucts LABORATORIES DIVISION, 
ForestTRY BRANCH, 

DEPARTMENT OF RESOURCES AND DEVELOPMENT, 
VANCOUVER, B. C. 


a 


a 
i 
¢ 
iy 
; 
ore 
| 
i 


Notes to Contributors 


Manuscripts 
(i) General : 

Manuscripts should be typewritten, double > pate on paper 83 X 11in. The original 
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